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SYLLABUS

Bristol Harbor is8 located on the east side of Narragansett Bay, about 13
miles southeast of Providence and 12 miles north of Wewport, Rhode Island.

An offshore Federal rock breakwater project was authorized in August 1968
by Congress to protect the harbor from storm waves; however the project
was not funded until FY 1979.

The original project was reviewed to determine {f the project is still
needed; if local Interests still desire the breakwater and are willing to
participate in the cost of construction; if the location and length of the -
structure provide the optimum protection; and if the proposed breakwater
compliea with updated environmental criteria and the Water Resources
Council”s Principles and Standards. These items are addressed in the
report.

Several alternative plans were studied and analyzed to determine the
optimum improvement plan to provide for present and future commercial and
recreational navigation needs and related activities.

Based on the results of this study, the selected plan of improvement is
Plan B, consisting of a 1700-LF offshore, dog-leg, rock breakwater located
300 feet south of the U.S. Coast Guard pier at the east side of the inner
harbor. It would have a 1600~foot-wide navigation opening to the west of
the breakwater and a 400-foot-wide water circulation opening to the east
of the breakwater.

" The selected plan 1s economically justified. The first cost 1s
$5,831,000. Based on the ratio of the general and local benefits accruing
to the proposed project, the Corps of Engineers cost would be 65 percent
or $3,790,150 and the non-Federal cost would be 35 percent or $2,040,850.
The U.S. Coast Guard cost for navigational ailds would be an additional
$6,500, for a total project cost of $5,837,500. Annual benefits would be -
$772,000 and annual charges would be $251,000, resulting in a favorable
benefit-cost ratio of 3.08 to 1.0.

Maintenance of the proposed project would be a Federal responsibility,
contingent upon the availability of future navigational maintenance funds,
the continuing justification of the project, and the environmental
acceptability of required maintenance activities,

The Division Engineer recommends that the rock breakwater authorized by
the 1968 River and Harbor Act for Bristol Harbor be constructed in
accordance with the modifications described in Plan B of this report,
gubject to the conditions of non-Federal (local) cooperation.
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BRISTOL HARBOR, RHODE ISLAND
NAVIGATION IMPROVEMENTS

PHASE T AE&D
GENERAL DESIGN MEMORANDUM
- PLAN FORMULATION

INTRODUCTION

Bristol Harbor, as shown on Plate 1, is located on the east side of
Narragangsett Bay about 13 miles southeast of Providence, Rhode TIsland. It
is 2 miles long in a north-south direction and varies in width from 1.3
miles at the mouth to 0.4 miles at its head. Natural depths of 10 to 17
feet exist throughout mest of the harbor.

The early history of Bristol is assoclated with the King Philip Indian War
(1676). King Philip maintained a headquarters and plotted his campaign
agalnst the white settlers within Bristol”s boundaries.

Bristol was first incorporated as a part of the Plymouth Colony in Massa-
chusetts in 1680. Under Royal decree, it was transferred to Rhode Island
in 1746. Salling and shipbuilding played an important role in the 1life of
Brigtol during the 17th and 18th centuries. Shipping steadily declined
with the advent of railroads and trucking. The harbor is now used exten—
sively by recreational boating craft, commercial shellfishermen and a
ferry service to Hog and Prudence Islands. The U.5.C.G. Buoy Station is
located on the east shore of the mouth of the harbor.

There are no existing Federal or local navigation improvements 1in the
Harbor. At a public meeting on December 11, 1957, the only improvement
desired by local interests was a breakwater to protect the harbor and the
commercial/industrial waterfront from southerly storms. In 1966, a
Federal navigation improvement project, consisting of an offshore rock
breakwater, was recommended at the mouth of the harbor. Since then, there
have been 1lncreased demands to provide protection for recreational boat
anchorages, marinas, launching ramps, and smaller commercial shellfish
boats as well as shoreline docks and facilities.

STUDY AUTHORITY

The Bristol Harbor navigation improvement project, recommended in 1966,
was subsequently authorized by Section 101 of the 1968 River and Harbor
Act (Public Law 90-483), on August 13, 1968, but was unfunded at that
time. The authorized project, as described in H.D. 174, 90th Congress,
1st Session, provided for construction of an offshore rock breakwater, the



easterly endfaf which would begin about 400 feet west of the Coast Guard
pier and run in a generally west-northwest direction for a distance of
1600 feet (see Plan A on Plate 2).

Funds to begin the Advanced Engtineering and Design (AESD) phase of the
authorized project were: appropriated by Congress for FY 1979 (starting 1
October 1978). Upon zecelving the funds, the Phase I AE&D: General Design
Memorandum was initiated.

SCOPE OF STUDY
\ .

The ascope of the study te to reaffirm the results of the original study
and the authorized rock breakwater project, or reformulate the project if

major changes are reguired to fulfill the project purposes.

The Board of Engineers for Rivers andzﬁanbozs:Gﬁxnﬁ),was‘conggtned:aboux
the alignment of the originally authorfzed breakwater and recommended that
further studies be made to optimize the siting and to maximize the bene—
fits. The U.S. Coast Guard was concerned about silting and maneuvering in
the east opening between the breakwater and the Coast Guard pier. Local .
interests were concerned about thefr share of the project cost and feasi-
bility of developing the harbor for commercial fishing to rewvitalize the
economy of the town and provide needed additional jobs.

N ‘ .

The Division Engineer recommended that the Phase I AE&D Study address the.
areas of concern, apply environmental and Water Resources Principles and
Standards criteria and include an environmental assessment for the

-considered alternatives.

The: study was. limited to the development . of alternatives which optimize
the breakwater length, size and siting, as well as address nonstructural
measures that could also prevent damages, fncrease boating use and enhance
the natfonal objectives of National Economic Development (NED) and
Environmental Quality (EQ).

STUDY PARTICIPANTS & COOPERATION

The study participants consisted of town officlals, the harbormaster,
commercial fishermen, members of the Bristol Yacht Club and the Bristol
Marine Boat Yard manager, who contributed fnformation on the problems,
damages, desires and needs for navigation Improvement in the harbor

area. A publfc notice announcing the initiation of the Phase I General
Design Memorandum study for navigation improvements in Bristol Harbor was
released on 14 February 1979. An informal meeting was held in the Bristol
Town Hall on 16 February 1979, with town officials, the harbormaster,
representatives from the Rhode Island Coastal Zone Management Council,
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U.S. Fish and Wildlife Service, National Marine Fisherles Service, Rhode
Island Fish and Wildlife and concerned individuals, to discuss the overall
authorized project and the Phase I study as well as to determine if local
interests still desired a rock breakwater and/or other improvements in
Bristol Harbor. The study was also coordinated with other concerned
Federal, State and local agencies.

OTHER STUDIES

Bristol Harbor has been the subject of five navigation studies, all by the
New England Division. The first of two unpublished reports was completed
in December 1925 and considered deepening the harbor to 30 feet. It was
found that the existing depths were adequate for present and anticipated
future use.

The second report was completed in December 1927 and comsidered the
removal of the remains of a rock-filled turning piler that was deemed a
navigation hazard in the harbor. It was found that marking the obstruc-
tion would be adequate to protect navigation and removal was not
warranted,

The third report was a Survey Report (Review of Reports) on Bristol
Harbor, dated December 1966 (Revised March 1967). The report recommended
the construction of the 1600-foot offghore rock breakwater. However no
Environmental Impact Study was required for the study at the time.

The fourth report was House Document No. 174, 90th Congress, lst Session,
. dated 1967, which is the authorizing document for the 1600-foot rock
breakwater,

The fifth report was the Phase I AE&D Plan of Study, dated December

1979. The report addressed controversial areas of concern of the Board of
Engineers for Rivers and Harbors (BERH), which generally concurred with
the recommendations of the Survey Report completed in 1%66. However, they
felt that the breakwater was not located in the most optimum position and
recommended that additional studies be made prior to construction to
determine the optimum siting, size, and environmental effects, so as to
best provide for all the needs of the harbor. The First Coast Guard
District, Boston, Massachusetts expressed concern about the effect of the
offshore breakwater on maneuvering thelr buoy tender and other craft at
thelr existing pler, as well as the possibility of increasing siltation.
Local interests were concerned about the lack of sufficient protection to
the commercial and industrial wharf area, north of the east gap. The
report also described the objectives, the Phase I AE&D study procedures,
and provided a planning schedule.



"THE REPORT AND STUDY PROCESS

‘This Fhase I Genersl Design Memorandum — Plan.Fbrmulation‘Stagé*f
‘1dentifies any changes in technology, physical conditions, public
attitudes, national and locdl priorities -and needs, environmental impacts
and effects etc., which took place during the time interval ‘between the
preauthorization study (July 1955), authorization of the project (August
1968) and funding of ‘the Phase X .GDM (October 1978), and which might
result in major deviations from the authorized project. In order to
minimize long delays in approval -of major changes :and avoild committing
large amounts of resources to a completely modified plan, ‘which has not
been approved by Congress, ‘the General Design Memorandum 18 mormally
‘submitted in two phases. The first phase, plan formulation, makes it
possible to proceed to the next phase on -a more sound basis. 'The second
phase, project Hesign, covers .a higher order of :project-oriented planning
which can only :he performed after the specific plan -and type of project
have been confirmed in the first phase.



PROBLEM IDENTIFICATION

This section ldentifies the problems and needs of Bristol Harbor that are
evident from examination of base conditions, coordination with local
iaterests, consideratfon of national objectives, interests of the Federal
Government and the projection of the most probable future if there 13 no
Federal participation. Once the problems and needs of the study area are
identified, planning constraints and their impact on possible management
measures designed to solve the problems and needs are also {dentified and
considered. The final activity under problem identification consists of
identification of the opportunities of providing harbor protection.

The problems in Bristol Harbor are related to storm driven waves from the
southwesterly and southeasterly quadrants of Narragansett Bay. The
stronger the winds and the longer it blows, the worse the conditions. The
primary problems are a lack of protected anchorages and a need for addi-
tional recreational hoat facilities; however, the open exposure of the
harbor precludes additional open moorings and marina-type boat slips. 1In
addition, docks and plers along the easterly commercial/industrial area
and westerly shoreline are subjected to continual damages from waves.

NATIONAL OBJECTIVES

Planning for navigational improvements in Bristol Harbor 1s based on the
national objectives of National Economle Development (NED) and enhancement
of Environmental Quality (EQ), as revised in September 1980 by the
National Water Resources Council in Principles and Standards for Planning
Water and Related Land Resources. The purpose of the Principles and
Standards is to promote the quality of life by planning for equal attain-
ment of the two natlonal objectives, which are described as follows:

l. National Ecounomic Development (NED). Maintaining or
increasing the value of the nation”s output of goods and
services as well as improving national economic efficiency which
may be achieved through the development of land and water-
related resources. In accordance with this objective, present
and projected navigation needs are assessed as well as other
related elements of land and water resources development.

Annual costs are compared agalnst aunnual benefite in the
interest of selecting a project based on national economic
development.

2. Eavironmeantal Quality (EQ). The preservation and
enhancement of the nation”s environmental resources is essential
to insure their availability for future use. The preservation
of natural and cultural areas, creation or restoration of scenic
areas, preservation and enhancement of recreational areas, and
the rehabilitation and protection of aesthetic values are fully




considered. In accordance with the National Environmental
Policy Act of 1969, all available means are utilized to foster
and promote the general welfare, to create and maintain condi-
tions under which man and nature can exist in productive har-—
mony, and fulfill the social, economic, and other requirements
of present and future generations.

EXISTING CONDITIONS

There are no existing Federal or non-Federal navigation improvements in
Bristol Harbor. It has adequate depths ranging from 10 to 17 feet and is
marked with U.S. Coast Guard navigation aids.

Because of its favorable location in Narragansett Bay and proximity to the
Providence Metropolitan area, it is intensively used as a base for sport—
fishing boats and moderate size recreational salling craft. There are
approximately 250 recreational boat moorings along the northwesterly side
of the harbor, which are mostly maintained by the Bristol Yacht Club and
the Bristol Marine Boat Yard. There has been practically no changs in the
number of moorings in the last 10 years.

The recreational boating fleet is very active and consists of about 70
percent powerboats and 30 percent saillboats. A substantial number of the
crulsing sailboats are in the 25~ to 40-foot size and range in value from
$25,000 to $90,000. Although the number of moorings has remained about
the same, the trend is to replace motarboats with sailboats, due to the
increasing costs of gascline and diesel fuels.

A large number of small shellfish boats, (14~ to 20-foot outboards) use
the harbor as a base of operations and sell their catch to local
dealers. Shellfishing activity increases two to three fold during the
summer months, when gstudents and other shellfishermen join the fleet.
Some of the boats are moored in unprotected areas of the harbor and a
large number are trailered to the harbor dally.

The Prudence Island Ferry, which provides service to Prudence and Hog
Islands, and the U.S. Coast Guard vessels, add to the overall general use
and activity in the harbor.

There are no floating marina~type facilities in Bristol Harbor. The town
marina at the end of Church Street consists of a small number of deteri-~
orating fixed timber docks and provides limited space for seasonal and
transient boats.

The unimproved boat launching ramp at Independence Park, at the north-
eastern end of the harbor, is extensively used by local and transient
boaters, weather permitting, particularly during the fishing season.



The harbor is landlocked on three sides, but is exposed to the south.
Present use of the harbor becomes difficult whenever winds in excess of 12
miles per hour occur, as passage to and from the moored boats by dinghy is
hazardous. Use of the harbor is severely hampered whenever winds of over
20 to 25 miles per hour occur from southerly directions, due to waves
generated by the wind, and consliderable damages occur annually to boats
when thelr moorings break during the high winds. Storm driven waves also
damage the wharfs and plers along the east shore of the harbor.

The open exposure of the harbor reduces the recreational boating season

from an average of 170 days, which is enjoyed in other areas throughout

Narragansett Bay, to 150 days, as well as prohibits aucilliary shoreline
development in the commercial/industrial area along the east shore.

No exlsting endangered or threatened species have been ildentified in the
study area.

CONDITIONS IF NO FEDERAL ACTION TAKEN

If the proposed breakwater is not completed, the present navigation
problems associlated with southerly waves can be expected to continue. The
present low recreational boating growth will probably decrease further and
shoreline damages will continue. The opportunity to provide environmental
quality enhancement and additional economic stimulation to the locality
from new facilities will not be realized.

PROBLEMS, NEEDS AND OPPORTUNITIES

A large number of local shellfishermen unload their catch at the Gilbert
and Quitos Seafood Company docks, located on the east shore, north of the
State pler and ferry landing. During southerly winds, unloading their
catch from l4~foot to 20~foot outboard motor boats becomes very difficult,
as well as dangerous. At times the shellfish have to be unloaded at other
docks or ports and trucked to the shellfish companies. Outboard motor-
boats have been heavily damaged or sunk while unloading or tied up at
Gilberts dock. There was also a 50-foot boat which sank at Gilbert”s dock
during a heavy storm in 1975. There 1s a need to provide protection for
the smaller shellfishing boats from southerly storms.

The southerly exposure also reduces recreational bhoating activity fn the
harbor. The problems experienced by the recreational fleet under present
degrees of wave conditions discourage full potential use, partly because
of the difficulty in mooring and unmooring during periods of moderate to
somewhat stronger winds, or in going to and from the anchored boats in
smaller craft and dinghys. The accumulated effect of these various
problems restricts the use of the fleet to about a 150-day season,
compared to an average of a 170-day season in other areas of Narrangansett
Bay. In addition, transient visits to the Bristol Yacht Club and Bristol



Marine Boat Yard are curtailed when southerly winds are forecast. Local
interests feel a breakwater is needed to provide both protection to the
existing recreational beoating fleet and the opportunity for future
expansion.

With the trend to trailered boats, which is partly due to a lack of
protected anchorages within the harbor, the town boat—launching ramp at
Independence Park 1s heavily used. During southerly winds the waves in
the harbor cause surging conditions at the ramp and it becomes difficult
and time consuming to launch and retrieve boats.

Under storm conditlons, the municipally owned docks and plers recelve
varying degrees of damage. An anncal budget of $2,000 is allocated to the
harbormaster for repairs of the docks. Other shore structures at
Gilberts, Quitos and the Bristol Yacht Club suffer perfodic damages, and
shoreline erosion occurs at the head of the harbor.

The wave conditions within the harbor at the Bristol Yacht Club preclude
standard marina-type slips and most of their sailing fleet is forced to
anchor offshore at moorings. If harbor protection Iis provided, the yacht
club would have the opportunlity to construct a system of boat slips to
accommodate a large portion of their fleet and reduce the hazards
assoclated with offshore moorings.

The U.S. Coast Guard Buoy Depot is located on the east shore, at the
southernmost terminus of the commercial and industrial section of the
harbor area. The outer end of the pler is constructed of timber piles and
-a concrete deck. The southerly side of the pler is used by larger Coast
Guard boats up to 180 feet long, and the northerly side of the pier is
used by smaller work boats and patrol boats. Significant wave helghts of
4 feet are generated from the south, pass under the pler, and reflect off
the vertical granite pler located at the Elks Home, adjacent to and north
of the Coast Guard pier, thereby causing increased wave damages and
hazardous conditions along that side of the pier.

The Prudence Island Ferry, located just north of the Armory at Church
Street Dock, transports freight and passengers to Hog Island and Prudence
Island. It is the main line of support for both islands. Southerly waves
strike the ferry broadside as it docks or departs, making the apprecach
hazardous.

The Elks Club dock was destfoyed by Hurricane Carol in August 1954 and
never replaced. However, members of the club have indlcated that the dock
would be replaced 1f some kind of harbor protection is provided.

The dock at the Castle Restaurant, at the head of the Harbor, was
destroyed in the "Great Blizzard of 78." The owner said boating patrons
used the dock while dining and he would replace it if harbor protection is
provided.



Some type of harbor protection is needed to protect the existing boating
fleets and shore structures, provide an opportunity to develop aditional
recreational boating facilities at the town-operated Independence Park and
other areas within the harbor, encourage future commercizl facilities, and
preserve and enhance the environmental aspects of the harbor.

PLANNING CONSTRAINTS

Lands, easements and/or rights-of~way may not be avallable for construc~
tion and subsequent malntenance of land constructed breakwaters. The size
of protective improvements and the amount and nature of the non-Federal
financial commitment could limit the towns participation in the construc-
tion of the selected improvement. Lack of an approved ocean dumping site
at the time of construction may require a more expensive and less environ~-
mentally acceptable site. BRoth shorelines are on the National Historic
Register and any alternative breakwater plans requiring alterations of the
shoreline must comply with thelr requirements. Maneuvering and berthing
space on the south side of the Coast Guard pler must be maintained and
alternative plans cannot encroach into the space.

PROBLEM AND OPPORTUNITY STATEMENTS

The objectives of providing navigation improvements at the mouth of
Bristol Harbor are to elimlnate the problems associated with the existing
navigation conditions, provide the opportunities for environmental quality
enhancement, enable local interests and others to provide additlonal
navigational facllities, and safely utilize the existing resources in the
area.

Providing improvements offers the following specific opportunities:

* Contribution to the protection of the existing recreational boating
fleet in Bristol Harbor, as well as boats that will utilize the
harbor between 1983 and 2033.

Contribution to the safety of commerclal shellfishermen and
maneuvering of the ferry during stormy periods along the commercial
and industrial areas of the harbor between 1983 and 2033.

Contribution to the prevention of damages to the pler and boats at
the U.S5. Coast Guard Depot, as well as providing for future
protected dockage area behind the breakwater for larger boats for a
period of fifty years.

Contribution to the reduction of damages to the exlating commercial
and industrial wharves and piers within the harbor for the life of
the project up to the year 2033.



Contribution to reducing wave heights and boarding hazards within
the harbor at the Yacht Club and town launching ramp, and enhancing
the opportunity to construct future marina—type floating ships
between 1983 and 2033.

Contribution to the opportunity to replace former docks at the

Castle Restaurant and Elks Club, within protected waters, after the
breakwster is completed, between 1983 and 2033.

10



FORMULATION OF PRELIMINARY PLANS

In determiniang the preliminary plans for the protection of Bristol Harbor
for navigation purposes, consideration was given to prior plans of
improvement, the concerns of Federal, State and municipal agencles and
desires of commercial and recreational users of the harbor. Fixed and
floating breakwater structures along alternative alignments and other
management measures to mitigate damages were thoroughly investigated. In
formulating these plans and management measures, meetings and fileld visits
were held with Federal, State and local agencies as well as concerned
individuals. A public meeting was held in Bristol on 21 August 1980 to
solicit the overall views of the general public. The most feasible
alternative plans were developed to conform with the WRC Principles and
Standards policies., Both structural and nonstructural alternatives were
given equal consideration in formulating the preliminary plans.

MANAGEMENT MEASURES

Management measures are the various methods of resolving the problems and
needs In the study area. 1In this study, structural methods are physical
gtructures designed to reduce wave action from entering Bristol Harbor.
Nonstructural methods are those means by which shoreline owners and boat
owners can reduce the effects of the wave action within their areas of
concern,

PLAN FORMULATION RATIONALE

The formulation of plans of Improvement for Bristol Harbor was predicated
on the needs and desires expressed by users of the waterway. Each alter-
native was considered on the basis of its contribution to the desired
protection to both the existing and future recreational and commercial
fleets and shoreline structures.

Selectlion of a specific plan for Bristol Harbor 1s based on technical,
economlc, and environmental criteria that permit a reasonable and
objective appraisal of the impacts and feasibility of the alternative
solutions.

Technical criteria require that the optimum plan should provide the
desired protection from storm-induced damages and should minimize
interference with normal navigation.

Economic criteria specify that tangible benefits should exceed economic
costs and that the scope of the project provide maximum net benefits.

11



Environmental criteria involve utilizing available sources of expertise to
identify endangered specles of marine 1life. Furthermore, effects on
natural resources as well as adverse sogclal impacts should be minimized.
Environmental criteria require that activities attracted to the area after
plan implementation should be consistent wth activities of the surrounding
area and that said activities be environmentally acceptable. The selected
plan should incorporate measures to preserve and protect the environmental
quality of the project area. Finally, both plan formulation and implemen—
tation should be coordinated with interested Federal and non-Federal
agencies, local groups, and individuals through cooperative efforts,
conferences, public meetings, and other procedures.

N

PLANS OF OTHERS

The rock breakwater authorized in 1968 for Bristol Harbor is the only
Federal plan that hae been developed for the protection of the harbor,
There are no other Federal or local navigation projects or plans for
navigation improvements for Bristol Harbor, except for navigational aides
maintained by the United States Coast Guard.

ANALYSIS OF PLANS CONSIDERED IN PRELIMINARY PLANNING

The plans considered in preliminary planning varied in the alignment, cost
of implementation, degree of protection and opportunities afforded for
pregent and future growth and development.

The plans included fixed and floating breakwaters, & hurricane barrier and
individual methods to reduce boat and shoreline damages. The plans were
not fully developed, but only studied in enough detail to analyze and
justify the original authorized plan or to reformulate an optimum plan to
be recommended for the next level of study.

The major structural plans considered were three offshore rock break-
waters, designated as Plans A, B and C, shown on Plate 2, and a hurricane
barrier designated as Plan D and floating breakwaters designated as Plan
E, shown on Plate 3. Nonstructural plans included improved moorings and
transfer of boats, repair or removal of shoreline structures, flood
Insurance and zoning.

12



ot it M IS b bl . A s Mt tilas L e

| woha cuartigsz

LY ' - 20
[ Nl

/
\

"
) ,
h
'
N o
a~

t6 6 W
s N6 State Pler\.

_’\

)

& 16

15

. '

\l
7 1\

~

’

LA Tanxs

. Fnagf:(ﬁn'l'
\< CGKSH
AN\ Rim\e

. \.‘Pux J(g

.

V\Y\

2\

AW

&

ol

.

120,000

Bristol J
scht Club, Y&

!

=

i\

12 20,000

BRISTOL HARBOR RHODE ISLAND
ALTERNATIVE ROCK BREAKWATER PLANS
CORPS OF ENGINEERS, NED
PLATE 2



DESCRIPTION OF PLANS

Descriptions of the considered alternative structural and nonstructural
plans are as follows:

A+ Structural Alternatives

Three hasic permanent hreakwater configurations were developed for this
study. Plan A is the originally authorized plan for the protection of
Bristol Harbor. Plans B and C were developed in response to the recommen—
dation of the Board of Engineers for Rivers and Harbors to make additional
atudies prior to construction of the breakwater to determine the optimum
siting, size, and environmental effects, so as to best provide for all of
the needs of the harbor. Two other structures were alsoc analyzed.

l. Plan A

A rock breakwater 1,600 feet long with a top width of 10 feet at elevation
10 feet above mean low water, beginning at a point 400 feet west of the
Coast Guard Pier and extending In a northwesterly direction. A 1,100-foot
opening would remain on the west gide of the harbor.

2., Plan B

A rock breakwater of the same width and top elevation as in Plan A but
beginning at a point 300 feet south of the Coast Guard pler and 400 feet
from the shoreline, and extending 600 feet west, then 1,100 feet on a dog-
leg to the northwest. This configuration would allow a 1,600-foot opening
on the west side of the harbor. The orlentatlon of the breakwater in this
proposal would provide protection for the entire commercfal and industrial
area on the eastern shore and the U.S. Coast Guard pler.

3. Plan C

A rock breakwater on the east side of the harbor as described in Plan B
above, as well as an additional rock breakwater extending 700 feet in a
southwesterly direction from the western shore of the harbor. The two
structures in this alternative would also protect some of the private
moorings along the western shore of the harbor. The alignments of the
alternative rock breakwater plans are shown on Plate 2.

4. Plan D - Hurricane Barrier

A hurricane barrier at the head of Bristol Harbor was investigated as a
result of inquiries from local officials as to the feasibility of
constructing such a structure to protect the entire recreational and
commercial fleets and the shoreline within the harbor from storm-induced
waves and perlodic hurricane damages to the commercial and industrial area
along the easterly shore.
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The hurricane barrier would involve coanstruction of a rock structure
similar to the breakwaters. It would extend from shore to shore, 2
distance of about 4,400 feet, with a top elevation of 22 feet above mean
low water and side slopes of 1.5 to 1.0. The hurricane barrier would have
a gated opening for normal navigation purposes and would be closed during
hurricanes. Sluice gates on either side of the navigation opening would
reduce tidal currents during normal periods. An earth dike would be
required at Mill Gut at the northwest side of the harbor to prevent "back-
door" flooding. '

5. Plan E - Floating Breakwater

Concrete floating breakwaters were examined as a possible economic
alternative to a rock breakwater for Bristol Harbor. A breakwater of this
type would consist of floating concrete blocks filled with styrofoam.
Fach block would be approximately 15 feet long by 5 feet deep by 3 feet
wide. These blocks, connected with bolts and rods into an open lattice-
type configuration, would be assembled into 60-foot by 39-foot modules.
The modules would then be conmnected end to end to form the length of
breakwater desired. The whole structure would be anchored with heavy
chains and 25~ton anchors on each side. This type of floating breakwater
could be used to protect the whole harbor or only specific areas.
Alternative alignments are shown on Plate 3.

B. Nonstructural Alternsatives

Nonstructural plans fall into the following five general categories:

1. BReduction of Boat Damages

The boat owners could strengthen thelr individual mooring lines and
moorings. In times of approaching rough weather, boats could be either
removed from the water or moved to a safer, sheltered harbor.

2. Reduction of Shoreline Damages

Damages to shoreline property could be reduced through a series of repairs
and/or modifications to existing docking facilities. Reinforcing or
replacing the docks with steel bulkheads or rock revetment is one approach
which would strengthen present docking facilities and make them less
susceptible to future damages. Removing docks altogether would eliminate
a source of deteriorating shoreline damage. Zoning would prohibit
congtruction that would be subsequently damaged by storms.

3. Increase of Recreational Boating Potential

The recreational boating potential of Bristol Harbor could be enhanced by
development of facilities that would expand public access and provide more
utilization of the harbor. Construction of boat launching ramps separate-
ly or in conjunction with dry stacking facilities for boats would expand
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access to the harbor. Placing a floating breakwater at a launching site
would allow launching during marginal weather and provide a sheltered area
for additional moorings.

4, Flood Insurance

Coastal flood insurance, sponsored by the Federal Insurance Administra-
tion“s flood 1lnsurance program, 13 another nongtructural measure that was
congsidered for Bristol Harbor. This approach, however, was found to be
nonapplicable to the wave damage problems on the Bristol waterfront.
F.1.A. Iinsurance is applicable only to flooding of bulldings and their
contents and does not cover seawalls, plers or docks.

Although the above measures are categorized as nonstructural, they would

require gsome kind of structural modifications and construction activity.

Non-Federal interests would be responsible for the implementation of non-—
structural methods, therefore no cost estimates were prepared.

COMPARATIVE ASSESSMENT AND EVALUATION OF PRELIMINARY PLANS

The comparative assessment and evaluation of the considered alternative
plans indicate that some of them do not fulfill or comply with planning
objectives and provide only limited opportunities for future development
and growth of the commerclal and recreational boating fleets. The
agsessment and evaluation of each plan are as follows:

Structural Alternatives

1. Plan A. This originally authorized 1,600 linear-foot rock
breakwater would fulfill the planning objectives and protect about 70
acres of the harbor from storm waves. However, it would not protect the
U.S. Coast Guard piler and a portion of the commercilal/industrial shore-
front. Preliminary economic analysis indicated a favorable benefit—cost
ratio (BCR) and the plan was selected for further study to determine the
optimum plan that would maximize benefits.

2. Plan B. This 1.700 linear-foot dog-leg rock breakwater would
provide protection to about 65 acres of the harbor area from storm
waves. Although it would protect 5 acres less of the open harbor, it
would fully protect the U.S$. Coast Guard pier and the commercial/-
industrilal area along the waterfront. Preliminary cost analysis indicated
a favorable BCR and the plan was selected for further study to determine
maximized benefits.

3. Plan C. This plan includes Plan B and an additional 700 linear-
foot breakwater extending from the west shore for a total of 2,400 linear
feet. The plan would protect about 150 acres of the harbor from storm
waves. In addition to protecting the Coast Guard pler, and the
commerclal/industrial area, it would also provide protection to the
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Bristol Yacht Club and the Bristol Marine Boat yard. Preliminary economic
analysis also indicated a favorable BCR and the plan was selected for
further detailed study.

4, Plan D. Hurricane Barrier. The hurricane barrier would provide
protection from storm waves for the entire 390 acres of harbor, however,
preliminary cost analysis showed that the benefit-cost ratio was consid-
erably below unity and local cost sharing would be beyond the town’s
capability, therefore this alternative plan was dropped from further
congideration.

5. Plan E. Floating Breakwater. The floating breakwater alternatives
would provide limited protection to the harbor, due to the fact that the
state of the art is limited to a design wave height of 2.5 to 3.0 feet and
wave periods of 2.0 to 2.5 secondas. The average design wave for Bristol
Harbor is 4.0 feet and 3.5 seconds and a floating breakwater would not
provide the desired protection, resulting in large residual damages. High
maintenance and replacement costs {replace every 10 years) indicated an
unfavorable BCR and the plan was dropped from further consideration.
Preliminary benefit-cest comparisons of the considered breakwaters and
hurricane barrier are shown in Table 1. Annual benefits include
recreational boating benefits, reduced damages to existing hoats and
reduced damages to shore facilities. Recreational boating benefits are
defined as values equal to the net return on the depreciated investment on
the boat, after expenses, that owners would receive if they let their boat
out for hire, and varies according to the size and type of boat. The
recreational boating benefits include the increased use of the existing
recreational boating fleet, and benefits for new recreational boats
entering the fleet after construction of the breakwater. Commercial
fishing benefits were found to be negligible during the initial
investigation and were not included in the overall annual benefits for
preliminary benefit-cost comparisons. They were, however, subsequently
included in the evaluation of the detailed plans described on pages 23
through 28. The full economic analysis 1s shown Iin Appendix F.

After the Iinvestigation and development of alternative plans of
improvement, it was found that during the interval between authorization
of the project in 1968 and finding of the Phase I GDM in 1978, local
interests still deaire and need a protective breakwater for Bristol
Harbor. Physical conditions have remained basically the same, but there
are some noticable shoreline changes as well as the loss of the Ellis Club
and Castle Restaurant docks. Technology has developed "floating
breakwaters,” but the state of the art precludes use of them in Bristol
Harbor.

The town of Bristol is in favor of the authorized breakwater project, and

local officials have shown continued support at the public hearing and in
subsequent correspondence.
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Nonstructural Alternatives.

1. Reduction of Boat Damages. Strengthening of mooring lines,
removing boats from the water or moving the boats to a safer sheltered
harbor in times of approaching rough weather will not reduce the storm
waves in the harbor or provide the opportunity for increased recreational
boating or potential commercial fishing growth. Therefore this alterna-
tive was not considered for further study.

2. Reduction of Shoreline Damages. Repairing, modifying, replacing
or removing existing structures will not provide protection of the harbor
from storm waves or contribute to the recreational/commercial growth,
therefore, the plan was dropped from further consideration.

3. Increase of Recreational Boating Potential. Comstruction of boat
launching ramps, combined with "dry-stacking™ will not protect the harbor
from storm waves, and this option was dropped from further consideration.

4, Flood Insurance. Coastal flood insurance ls not avallable for
wave damages to seawalls, plers and docks, so it was dropped from further
consideration.

CONCLUSTIONS

The comparitive agsessment and evaluation of the considered plans has
resulted in the conclusion that a breakwater structure at the head of the
harbor, similar to the breakwater authorized in 1968, would provide
protection from southerly storm waves and enhance the environment, as well
as provide opportunities for recreational and commerciasl growth. There-
fore, the alternative rock breakwater plans are warranted for further
detalled studies.
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PLAN A

PLAN B

PLAN C

PLAN D
HURRICANE
BARRIER

*
Pregident”s proposed cost sharing policy for hurricane protection projects.

FIRST
CoST

$ 5,648,000

$ 5,831,000

$ 7,911,000

$31,600,000

(1) 75% Federal cost
(2) 5% State cost
(3) 20Z% local cost
(4) Commercial benefits not included in preliminary investigation

TABLE 1

PRELIMINARY ROCK BREAKWATER BENEFIT/COST COMPARISONS

CORPS &

C.G, COST
$2,834,000
$3,975,000

$4,914,800

$23,700,000" (1)

LOCAL
COST

$2,824,000
(50%)

$1,865,900
(322)

$3,006,200
(38%)

$1,580,000:(2)
$6,320,000%(3)

§7,900,000

FEDERAL
ANNUAL
Lost
$226,000
$312,00

$389,000

$1,799,000

LOCAL
ANNUAL
COST
$214,000
$141,000

$228,000

$690,000

ANNUAL(4)  B/C
BENEFITS  RATIO
$489,000  1.11
$480,000 1,06
$598,000 1.2

|$898,000  0.36
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FULL HARBOR

PROTECTION

PLAN A
Aligoment

PLAN B
Alignment

PLAN C
Aligoment

TOWN DOCK

INDEPENDENT PARK

BRISTOL YACHT

CLUB

TABLE 2

PRELIMINARY COMPARISON OF COSTS FOR
CONCRETE FLOATING BREAKWATERS

LENGTH

(FEET) COST PER L.F. FIRST COST

3,800 $1,900 $6,840,000

1,600 $1,900 $3,040, 000

1,700 $1,900 $3, 230,000

2,400 $1,900 $4, 560, 000
600 $1,500 $ 900,000
800 $1,500 $1,200,000
800 $1,300 $1,200, 000

PROTECTED AREA
(ACRES)
260
70
65

150

6.2
11.0

9.6

FEDERAL COST LOCAL COST
$3,420,000 $3,420,000
81,520,000 $1,520, 000
$1,615,000 $1,615,000
$2, 280, 000 $2,280, 000
$ 450,000 $ 450,000
$ 600,000 § 600,000

$ O $1, 200,000



ASSESSMENT AND EVALUATION OF DETAILED PLANS

The preéliminary screening of alternative plans has resulted in the con-
clugfion that a rubble rock bBreakwater is the most efficient and practical
method to adequately protect Bristol Harbor from southerly wind waves.

The three alternative plans consldered for further detailed study are
basically variations of a rubble rock breakwater. The varlations include
differences in length and alignment. Tmpacts which are common to all
three plans are discussed in the following sections. Impacts unique to
each plan assessed and evaluated are in subsequent sections.

GENERAL ASSESSMENT AND EVALUATION OF IMPACTS

All three breakwater plans provide a high degree of protection for
existing and future commercial and recreational boating interests, as well
ag shoreline properties, from storm waves originating in Narrapgansett Bay.

A detailed hydrographic and dispersion mathematical model of Bristol
Harbor was performed by Normandeau Assoclatea of Bedford, New Hampshire to
determine the effect of the breakwaters on the harbor. The three break-
water plans indicated that the breakwaters each have the same general
effect of slightly Increasing current speeds in the vicinity of the break-
waters, while not affecting currents in the lower harbor.

Local current eddlies are formed north and south of each breakwater, their
maximum speeds occurring an hour before and after slack water. Tidal
heights are not significantly altered by the breakwater constriction, with
an overall range difference of only several centimeters.

Flushing dispersion patterns for Plang A and B are similar to those
without a breakwater, while Plan C appears to allow a higher concentration
of watermass in the upper harbor during a portion of the tidal cycle.

Bulk chemical and elutriate tests on bottom sediments indicate that the
material is sultable for open water or land disposal and that suspended
sediment will affect only a small area, on a short-term basis.

The breakwaters would eliminate approximately 4 to 6 acres of bottom
habitat. However, this impact will be affected by the breakwaters them-
selves, which will provide hard surfaces for the attachment of various
other invertebrates and habitat for fish, lobster and mussel production.

Consgtruction of a breakwater will impact the existing commercial and
recreational use of the harbor.

All the breakwater plans would result in both soclal and economic impacts
to the town of Bristol. Beneficial social impacts would include increased
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enployment. Adverse social impacts would include increased traffic in the
general harbor area. Economic impacts would include increased income to
fishermen, reduction in boat damages and damages to shorefront property.
Secondary economic impacts would include increased tax revenue to Federal,
State and local governments through increased employment opportunities.

Construction could be either from land or from barge mounted cranes. A
temporary trestle or access road from land would impact the existing high-
way traffic patterns. Barge mounted cranes and stone-carrying scows would
affect the Coast Guard vessels, and commercial and recreational boats to a
limited extent.

MITIGATION REQUIREMENTS

In order to mitigate construction Impacts, the use of harges to construct
the outer breakwater should be suspended or limited during the recrea-
tional boating season. Construction from land and transport of materials
through the town streeta should not be permitted to interfere with busy
traffic periods. Any required dredging should be done in the fall or
early spring in order to mitigate any conflicts with recreational boats.

IMPLEMENTATION RESPONSIBILITIES

The implementation responsibilities for all threes detailed plans would be
the same. All costs assoclated with the initial project construction
would be borne by Federal and local interests in accordance with
determined cost apportionments. Costs of containment of dredged
materials, {if required, would be borne by local interests.

COST ALLOCATION AND APPORTIONMENT

All the quantifiable benefits that are resulting from the breakwater
construction would be general or local in nature. Costs attributable to
general benefits would be 100 percent Federal and costs attributable to
local benefits would be 50 percent Federal and 50 percent local.

FEDERAL RESPONSIBILITY

Federal costs for the construction of the breakwater project would be
funded and furnished by Congress. The Corps of Engineers would be
responsible for the construction and subsequent maintenance of the overall
project. The U.S. GCoast Guard would provide and maintain navigational
aids.
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:All,preauthorized:study.costs;as-well-ds the «design -and preparation of
splans :and specifications, and contract administration .are Federal
responsibilities. ' '

‘NON-FEDERAL RESPONSIBILITIES

‘The town of Bristol, Rhode Island, :the local :aponsor, would be responsible
for the operation and malntenance of an adequate public landing for the
sale of fuel, lubricants .and -dridking water, open to :2ll on equal terms,
and for providing all necessary lands, easements and rights-of-way for
construction and -subsequent maintenance of .the project, including disposal
areas for dredged materials, if required.

The town would also hold the United States free from damages that may
result from construction and -maintenance of the project. Moreover, the
local sponsor would provide and maintain berths .and other mooring fac{li-
ties for local and transient vessels as well .as access roads, parking lots
and other required public use shore facilities, open and available to all
on equal terms. The town would .also be required to establish regulations
prohibiting the discharge of untreated sewage and other pollutants into
the waters of Bristol Harbor.
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# PLAN EVALUATION - PLAN A

PLAN DESCRIPTION

Plan A would provide for a 1,600~foot rubble rock breakwater with a top
width of 10 feet at elevation 10 feet above mean low water and 1-1/2 on 1
side slopes, beginning at a point about 400 feet west of the end of the
U.S. Coast Guard piler and extending in a northwesterly direction toward
Popasquash Point. A 1,100-foot opening would remain on the west side of
the harbor for navigation purposes.

IMPACT ASSESSMENT

Breakwater Impacts. A 1,600-foot breakwater was found to be necessary to
provide sufficient area to adequately protect the existing boat fleet and
for reasonable expansion of the recreational fleet during the life of the
project. Dispersion patterns indicate that this plan will provide ade-
quate flushing and that fncreases in tfdal currents and tide levels would
be minimal. The breakwater alignment will not protect the Coast Guard
pler or portions of the commercial/industrial area on the east shore from
southwesterly or southeasterly waves.

Navigation Impacts. The breakwater will block off the center of the
harbor to navigation and the boats will be required to use the 1,100-foot
opening to the west or the 400-foot opening to the east of the

breakwater. Boats using the east opening could occasionally conflict with
Coast Guard usage. This plan would protect 70 acres of the waterway and
490 mooring spaces.

Economic Impacts. Breakwater costs are based on utilizing rock from a
local quarry in Tiverton, Rhode Island and ocean disposal of dredged
material in Rhode Island Sound, st July 1981 price levels. Annual costs
are based on a 3-1/4 percent interest rate, which was mandated at the time
of authorization in 1968, and a 7-5/8 percent interest rate (present rate
for comparison purposes), Analysis of costs and benefits is shown in
Appendix F.

The estimated first cost of Plan A 13 $5,648,000. A summary 6f the
project economics is as follows: '

PLAN - A
Rate Aannual Benefits Annual Costs B.C.R. Net Benefits
3-1/4% $729,000 $258,000 2.82 $471,000
7-5/8% $666,000 $455,000 1.46 $211,000
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EVALUATION AND TRADEQOFF ANALYSIS

0f the three breakwater plans considered, this plan proviﬂeajprdtectton
for the second :largest :amount o0f harbor area. However, it leaves the

commercial/industrial segment of the harbor iand Coast Guard pier
unprotected from storm waves from both southerly quadrants. -Although the

plan will allow adequate flushing, Plan B provides better flushing
patterns.

COST APPORTIONMENT

.The cost apportionment is based on the ratlo of the general and local

benefits to the overall benefita, and 1s as follows:

Federal (Ceneral) 3-1/42 7-5/8%

Corps of Engineers 612%/62% $3,445,280 $3,501,760
U.S. Coast Guard 6,000 _ 6,000
‘Total Federal . $3,451,280 83,507,760
Non~Federal (Local) ‘ ,
Cash Contribution 397%/387 $2,202,720 82,146,240
‘Total Non-Federal $2,002,720 82,146,240

PUBLIC VIEWS

Views of Federal Agencles. The UsS. Figsh & Wildlife ‘Service estimates

‘that 4.0 acres of quahaug habitat -would be lost due to this plan and
recommends ‘that all -quahaugs be removed from the area prior to construc-
tion. The U.S. Coast Guard is concerned about the safe -access of thelr

180-foot buoy tender -and suggested that the breakwater be shortened or
moved northward .away from the clear approach to the pler. In.addition the
Coast Guard 1s concerned .about the possibllity of accretion and silting

which might occur, thereby requiring future dredging. The National Marine

Fisheries Service recommended that current studles be made to determine 1if

gtagnant areas will be developed in the harbor.

Views of Non-Federal Agencies and Others. The Rhode Island Department of

Environmental Management is cancerned about tidal flushing patterns and
accunulation of ice flows.
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PLAN B

PLAN DESCRIPTION

This alternative was developed in response to the request of the Board of
Englneers for Rivers and Harbors to establish optimum siting and sizing of
a protective breakwater to best provide for all the needs of the harbor.
The original breakwater was realigned to begin about 400 feet from the
east shore and 300 feet south of the Coast Guard pier, to allow the 180-
foot Coast Guard buoy tender to safely utilize the southerly berth along
the existing pler. The breakwater extends 600 feet in a westerly
direction and dog-legs to the northwest for a distance of 1,100 feet, for
a total length of 1,700 feet.

IMPACT ASSESSMENT

Breakwater Impacts. This alignment would provide protection for the
entire commercial/industrial area of the shoreline, as well as the Coast
Guard pler. Current and dispersion mathematical modeling indicates that
increases in tidal currents and tlde levels would be minimal, and flushing
patterns are better for this plan than Plans A or C.

Navigation Impacts. A 1,600-foot opening on the west gide of the
breakwater would remain for navigation use. However, the 400-foot opening
on the east could also be used by smaller craft. This plan would protect
65 acres of waterway and 455 new mooring spaces.

Economic Tmpacts. The estimated first cost of Plan B is $5,831,000.
Complete analysls of costs and benefits are shown in Appendix F. A
summary of the project economics 1s as follows:

PLAN - B
Rate Annual Benefits Annual Costs B.C.R. Net Benefits
3-1/4 772,000 250,000 3.09 522,000
7-5/8 720,000 469,000 1.46 251,000

EVALUATION AWND TRADEQFF ANALYSIS

This plan provides the least amount of harbor protection; however, it
protects a larger amount of shorefront property on the easterly shore,
including the U.S. Coast Guard pler. The mathematical model indicates
that this plan has the best flushing patterns.
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COST APPORTIONMENT

The cost apportionment 1s based on the ratio of general and local benefits .
to the overall bemefits and 1s as follows:

Federal (General) 3-1/4% 7-5/8%

Corps of Enginequ‘GSZfﬁﬁz $3;79Q;150‘ $3,848,460
U oter Pederal TN Tl
Non-Federal (Local) _

R R R

PUBLIC VIEWS3

Views of Federal Agencies. The U.S. Fish & Wildlife Service recommends
that the 5.0 acres of quahaugs be transplanted away from under the
proposed breakwater, prior to construction. The U.S. Coast Guard
requested a minimum of a 300-foot width between the pier and breakwater,
but the 400-foot width provides better flushing. The National Marine
Fisheries Service recommended that current studles be made.

Views of Non-Federal Agencles and Others. The Rhode Island Department of
Environmental Management favors Plan B over the other breakwater plans.
Bristol officials and others at the public meeting favor Plan B.
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PLAN C

PLAN DESCRIPTION

Thias plan 18 a double breakwater system. It combines Plan B with a 700-
foot breakwater extending from the west shore. The two-breakwater
configuration would be a combined total of 2,400 feet.

IMPACT ASSESSMENT

Breakwater Impacts. The alignment would protect both shores as well as
the Bristol Yacht Club, Bristol Marine and the Coast Guard pler. About 6
acres of bottom shellfish habitat would be destroyed. This plan allows a
higher concentration of water mass to remain in the upper harbor and
indicates less flushing than the other two plans.

Navigation Impacts. A slightly of f-center 1,000~foot opening would remain
for navigation use, allowing for currents. This plan would protect 150
acres of waterway and 1,050 moorings.

Economic Impacts. The estimated final cost of Plan C is $7,911,000. The
complete analysis of costs and benefits is shown in Appendix F. A summary
of the analysis 1s as follows:

PLAN - C
Rate Annual Benefits Annual Costs B.C.R. Net Benefits
3-1/4% $1,004,000 $341,000 2.94 $663,000
7-5/8% $854,000 $638,000 1.34 5216,000

EVALUATION AND TRADEOFF ANALYSIS
This plan protects the largest amount of waterway and shoreline; however,

it has the worst flushing patterns and would probably be detrimental to
the blota and water quality.
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COST APPORTIONMENT

The cost apportionment is based on the ratio of general and local benefits
to the overall benefits and is as follows:

Federal (General) 3 1/4% 7 5/8%

Corps of Englneers 62%/64% $4,904,820 $5,063,040

U.S. Coast Guard 9,500 _9,500
Total Federal $4,914,320 $5,072,540

Non~Federal (Local) .

Cash Contribution 38%/36% $3,006,180. $2,847,960
Total Non~Federal . $3,006,180 $2,847,960

PUBLIC VIEWS

Views of Federal Interests. The U.5. Fish and Wildlife Service
recommended the transplanting of about 6 acres of quahaugs from under the
breakwaters, prior to construction. The National Marine Fisheries Service
recommended that current studies be made.

Views of Non-Federal Intereats and QOthers. The Rhode Island Department of
Environmental Management favors a single breakwater, as do town officials
and others.
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COMPARISON OF DETAILED PLANS

In general, the three rock breakwater plans at the head of the harbor are
similar, in that they each protect the harbor and shoreline from storm
waves originating in Narragamsett Bay and provide the opportunities for
environmental quality enhancement, navigational improvements and economic
development.

In essence the breakwaters vary in location, alignment and degree of
protectlion provided. 1In comparing the detalled plans, a trade—cff must be
made between maximization of protection of the recreational and potential
commercial fleets and the risk of reducing natural flushing action of the
harbor. The degree to which each alternative protects the boats in the
harbor and the shoreline and the impacts on pollution and flushing are
what differentiate the alternatives.

Plana A and B have a minimal impact on the tidal currents and tide levels
and Plan C has the greatest impact. The absolute significance of any
increase in tidal currents caused by any breakwater depends on the
resultant degree of pollution and flushing action in the harbor. Mathema-
tical analysis indicates that Plan B would be the least detrimental to the
flushing action of Bristol Harbor.

Although Plans A and C protect more waterway in the harbor than Plan B,
the difference between A and B is small and Plan C costs more than Plan B.

The degree of protection afforded the shoreline 1s greatest with Plan C,
and the least with Plan A. Plan B appears to be a reasonable trade-off
among the alternatives considered.

During severe winters ice forms in the upper harbor, however, the
breakwaters will not significantly affect the ice problem because of the
length and shape of the natural harbor. Plan B, with the larpgest overall
openings, will have the least impact when the ice begins to break up and
move out.

COST COMPARISON

All three breakwater plans require similar methods of construction, but
vary in magnitude. Plan A would be 1,600 feet long; Plan B, 1,700 feet
long; and Plan C, 2,400 feet long. Construction could be carried out from
temporary land approaches or from crane-mounted barges. Costs are
estimated for barge-mounted cranes and deposition of dredged materlials at
the Brenton Reef Ocean Dump Site in Rhode Island Sound, just off Newport,
Rhode Island. Comparisons of first and annual costs are shown in Tables 3
and 4.
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PLAN A PLAN B PLAN C
Construction Costs $4,385,000 $4,527,000 $6,141,300
Contingencles 657,000 679,000 921,200
Total Construction Costs: $5,043,000 $5,206,000 $7,063,000
Engineering & Design- 252,000 260,000 353,00C
Supervision & Administration 353,000 365,000 495,000
Total First Costs $5,648,000 $5,831,000 $7,911,000
TABLE 4
COMPARISON OF ANNUAL COSTS

PLAN A 3 1/4% 7 5/8%

Interest & Amortization $245,300: $442,300

Annual Maintenance. $ 12,700 § 12,700

Total Annual Costs $258,000 §$455,000

PLAN B

Interest & Adminfstration $237,850° $456,850

Annual Maintenance $ 13,150 § 13,150

Total Annual Costs $251,000 $470,000

PLAN C

Interest & Amortization $322,500 $619,500

Annual Maintenance. $ 18,5000 § 18,500

Total Annual Costs $341,000 $638,000

TABLE 3
COMPARISON OF FIRST COSTS

BENEFIT COMPARISON

Each of the detailed. breakwater plans would provide sufficient protection
to the harbor to prevent damages to the existing boating fleets and: the
In addition, they would encourage new: boats to moor in the
harbor and provide the opportunity for economic development within the

shoreline.

harbor area.

in Appendi

breakwater plans is shown in Table 5.

x F.
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A detailed discussion of the anticipated benefits is shown
A summary of the annual benefits of all three detailed
Net benefits are shown in Table 6.



TABLE 5
ANNUAL BENEFITS

PLAN A 3 1/4% 7 5/8%
Recreational $572,000 $509,000
Commercial 102,000 102,000
Damages Prevented 55,000 55,000
Total Annual Benefits §729,000 $666,000
PLAN B

Recreational $541,000  $489,000
Commercial 153,000 153,000
Damages Prevented 78,000 78,000
Total Annual Benefits §772,000 §720,000
PLAN C

Recreational $765,000 $615,000
Commercial 153,000 153,000
Damages Prevented $ 86,000 & 86,000
Total Annual Benefits $1,004,000 $854,000

TABLE 6
NET BENEFITS

PLAN A 3 1/4% 7 5/8%
Annual Benefits $729,000 $666,000
Annual Costs $258,000 $455,000
Net Benefits : §471,000 $211,000
B/C Ratio 2.82 1.46
PLAN B

Annual Benefits $772,000 §720,000
Annual Costs $251,000  $470,000
Net Benefits $522,000 $251,000
B/C Ratio 3.08 1.53
PLAN C

Annual Benefits $1,004,000 $854,000
Annual Costs $ 341,000 8638,000
Net Benefits $633,000 $216,000
B/C Ratio 2094 1.34

Plan C has the largest net benefits For 3-1/4% and Plan B hasg the largest
net benefits for 7-5/8%.
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The primary environmental concerns associated with the alternative
breakwater plans are the disposal options. The State of Rhode Island does
not have an authorized ocean disposal site at this time and one may not be
avallable at the time of construction. Other potential sites within
Narragansett Bay are at the Prudence Island Historic Dump Site in the East
Pagsage, the Conimi "Cut Point" in-channel” site, Spar Island, Common
Fence Point, and Spectacle Cove In Portsmouth. However, use of these
sites 1s still prohibited.

The town of Bristol has authorized the disposal of approximately 40,000
cublc yards of dredged material in their sanitary landfill area. However,
the site would be the least environmentally acceptable site at this time
due to the need to transport the dredged material by trucks through the
clty streets.

Other concerns are changes in the tidal prism water quality and adequate
harbor flushing of existing pollutants.

ENVIRONMENTAL COMPARISON

The same types of environmental impacts would result from all three
breakwater plans, but the least environmental impact would result from
Plan B. A detailed comparison 18 shown in the Environmental Assesments
starting on page 35.

COMPARISON SUMMARY

A comparison of the three detailed plans 1s shown in the Summary of System
of Accounts in Table 7. By displaying the significant beneficlal and
adverse impacts, the system is intended to assist tradeoff analysis and
final decisionmaking. The complete System of Accounts is shown in
Appendix B.
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RATIONALE FOR DESIGNATION OF NED PLAN

An NED (National Economic Development) plan addresses the planning
objectives in such a way as to maximize net economic benefits. Net
economlc benefits are maximized when plan scale is optimized and the plan
is efficlent. Scale is optimized when benefits of each increment of the
plan at least equal economic cost, and a plan 1s efficient when the
outputs of the plan are achieved in a least cost manner.

All three detalled plans yield economic benefits and satisfy the
Principles and Standards requirements for a NED plan. However, using the
mandated interest rate of 3 1/4 percent, Plan C has the largest net
benefits and it is designated as the NED plan.

RATIONALE FOR DESIGNATION OF EQ PLAN

An EQ (Environmental Quality) plan is the alternative which addresses the
planning objectives in such a way as to make the most significant contri-
bution to the management, conservation, preservation, creation, restora-
tion or improvement of the quality of natural and cultural resources and
ecological systems,

All three considered detalled plans have positive effects on the environ-
ment as well as enhancement of commerclal and recreational boating and
navigational safety.

Mathematical modeling indicated that Plan B was the least detrimental to
the natural flushing of the harbor. Plan B also makes the best
coutributions to the overall environmental objectives and is therefore
designated as the EQ Plan.

RECOMMENDED PLAN

The recommended alternative is Plan B, It would provide a 1,700 linear-
foot offshore rock breakwater just south of the Coast Guard piler, and a
1600~foot wide access for navigation on the westerly side of the harbor.
It would protect the existing and future recreational and commercial
fleets, the Coast Guard pler and the commercial/ipdustrial area along the
east shoreline, as well as enhance future development of the harbor. Plan
B8 is shown on Plate 4.

The estimated cost of construction for Plan B is $5,831,000. Annual
benefits resulting from the plan of improvement would be §772,000 and the
annual charges would be $251,000, ylelding a favorable benefit cost ratio
of 3.08 to 1.0.
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ENVIRONMENTAL ASSESSMENT
BRISTOL HARBOR, RHODE ISLAND
Proposed Breakwater Congtruction

INTRODUCTION AND PROJECT HISTORY

In keeping with the National Environmental Policy Act of 1970, the New
England Division Army Corpa of Engineers has examined environmental wvalues
as part of the planning and development of the proposed action plan. Back-
ground environmental information was compiled for purposes of this report
through interviews with various State and local interest groups and a
search of published literature. A reconnaissance shellfish survey,
completed by the Corps and R.I. State Marine Fisherlies Division, assessed
local quahog population densities. A math hydrographic predictive model
was run to evaluate effects of the proposed construction on water quality
and circulation. This report provides a preliminary assessment of
environmental impacts and alternatives censidered and contains other
applicable data to the Section 404 Evaluation requirements.

The Bristol Harbor, Rhode Island navigation improvement project was auth-
orized on 13 August 1968 by Section 101 of the 1968 River and Harbor Act
(Public Law 90-483)., Funds to initiate the Phase 1, GDM Study were
recelved in October 1978. The authorized project information is contained
in H.D. 174/90/1st and no EIS was required for the project at that time.

PURPOSE AND NEED FOR ACTION

There 1s no Federal, State, or local navigation project in Bristol Harbor.
The harbor 1s exposed to southerly quadrant waves from Narragansett Bay
which has limited the potential growth of the harbor for commercial and
recreational purposes.

Increased demands for protected recreational boating anchorages, marinas,
launching areas, as well as protection for unloading small commercial
shellfisgh boats and shoreline docks and facilities, have been expressad by
local officlals and waterway users.

Protection of Bristol Barbor from storm and wave action originating from
the south to southwest directions would benefit the existing and prospec-
tive fleets of commercial and recreational craft as well as waterfront
structures. Tangible benefits from such improvements would accrue through
increased use of the existing fleet based in the harbor, the addition of
new boats to the local fleet, and reduction of damage to vessels and shore
facilities.
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Increased use of the harbor would be a primary ‘benefit accruing from the
breaskwater protection. The boating season in this area extends from 1 May
through 30 September or 150 days. Wind records of speed, direction and
duration show that during the above boating season the winds are predomin-
antly from the southerly quadrant. It is estimated that winds of all
speeds from the south are generated about 50 percent of the time and that
winds in excess of 8 miles per hour occur 40 percent of the time, in
excess of 12 miles per hour 25 percent of the time, and winds in excess of
16 miles per hour occur 10 percent of the time.

The exposure of Brilstcl Harbor to the south reduces the use of the recrea-
tional and commerical fleet in the harbor. The difficulties and un-
pleasant conditions experienced by recreational craft in the harbor under
present degrees of exposure discourage full potential use of the present
fleet, partly because of difficulty in mooring and unmooring during
periods of moderate to somewhat stronger winds, or in golng to and from
shore in small craft from the anchored boats. The accumulated effect of
these various detractions from use of the fleet 18 estimated to result in
a present use of Bristol Harbor that ranging from 75 percent of the ideal
benefit for the smaller craft to 90 percent of ideal for the larger
boats. The composition of the existing recreational fleet and the
estimated annual benefits to the existing fleet from a protected harbor
are shown in Appendix F.

PROPOSED PLAN OF ACTION

The selected plan of improvement, Plan B, consists of:
- Provision for a 1700-foot breakwater detached from the eastern shore

Plan B i{s recommended on the basis of good flushing and adequate protec—
tion from wind waves generated along a southweat fetch. The trade—off for
increased protection (larger breakwater) is restricted flushing, which may
have an effect on the marine biota and water quality. The length of this
dog-leg structure depends on how much protection should be afforded to the
industrial area around the town pier. If the need for protection is
limited to the area between the town pier and the U.S. Coast Guard
Station, then the breakwater could probably be shortened to 1200-1400
feet. The dog-leg configuration would provide better protection than an
equivalent straight breakwater for this area. An opening of approximately
400 feet would be left between the breakwater and the eastern shore. This
opening would facilitate flushing and circulation.

The exact method of construction of the breakwater is not yet known but
may lnvolve one or a combination of the following foundation options:

Option 1 - Displacement/penetration type of construction. This method

is particularly feasible for the inner 600 feet of the breakwater where
sediment probes indicate the average depth of soft foundation material to
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be two feet. By displacement it 18 meant that the rock for the breakwater
upon dumping in place would force the soft materials downward and
laterally until bottom resistence is met., No dredging would be involved A
with this method along this portion of the breakwater. Displacement and
penetration of the bottom materials along the outer 1100 feet of the
breakwater is also possible as the soft material is only about 8 feet
deep. A mud wave would be developed on both sides and at the end of this
breakwater. Dredging and disposal of the organic mud would be required.

Option 2 - Displacement and penetration of the inner 600 feet of
bottom materials and excavation and replacement of soft overlying bottom
materials along the outer 1100 feet of breakwater.

Option 3 - Displacement and penetration of the inner 600 feet of
bottom materlals and placement of a 6-foot thick dumped sand blanket on
the exlisting bottom (no dredging), followed six months later by
construction.

Depending on the ultimate breakwater design selected, from 25,000 cubic
yards to 42,000 cubic yards of bottom sediments may require excavation.
Disposal of the material is currently being coordinated with town officals
and the Rhode Island Coastal Resources Management Council. The Bristol
Town Council has voted to approve of disposing the dredged materials in
the town landfill (see letters, 8, 11, & 17 June in Appendix C.) The
Coastal Resources Management Council has informed the New England Division
by letter of 15 June that efforts are underway to prepare a special area
plan for the Brenton Reef dredged materlal disposal site. This site is
envisioned as the State”s future open water regional disposal area.

ALTERNATIVES INCLUDING THE PROPOSED ACTION

Possible navigation lmprovements in Bristol Harbor were lnvestigated
based on the evaluation of problems and needs identified by local inter-
esta. In congidering the protection needs of the existing commercial
recreational fleet at Bristol Harbor and maintenance of water quality,
three alternative plans of improvement were established.

In order to understand the present conditions existing in Bristol Harbor
with respect to tidal circulation, a two~dimensional numerical, hydro-
dynamic model was applied to the study area for mean and spring tidal
ranges. These circulation results are subsequently used as input for a
two-dimensional numerical dispersion model for the purpose of simulating
pollutant dispersion and flushlng. Once the exlisting conditions of flow
and transport are known, the effects of each breakwater plan on circu-
lation and dispers{on ¢an be measured by comparison. The primary concern
of this modeling effort focuses on the prediction of the impact each
breakwater will have on harbor flushing and related water quality.
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From the results of these numerical models two other topics can be

addressed using analytical procedures. The first analysls concerns the

- effects of wind stress on the predicted tidal circulation and flushing in

. Bristol Harbor with and without breakwaters. ‘The second analysis concerns
the effect of installing a 6-foot by -6-foot culvert within the 700~foot
western breakwater of Plan C. From the previous numerical .and subsequent
analytical results, recommendations are made for the various breakwater
configurations.

Plan A -~ the Congressionally authorized offshore breakwater 1600
feet in length. The location of this structure would allow
for an 1100 foot passage on the western side and a 400 foot
passage to the east.

Plan B - would provide for a 1700 foot breakwater detached from the
eastern shore.

Plan C ~- would provide for Plan B and an additional 700 foot
gstructure extending from the west shore.

These different breakwater configurations would cause the upper harbor’s
eirculation pattern to change radically compared to mnatural conditions
without a structure(s) in place. Current speeds, predictably, would tend
to increase in the regions around the breakwater. Additionally, the
breakwaters would also create eddies or localized areas of turbulence.

Each breakwater would have the same general effect on upper harbor
circulation although the current speeds and the number of eddies vary.
Maximum eddy velocities occur about an hour before and after slack
water., During slack water the eddies remain organized but currents
decrease in speed somewhat. During the mid-ebd and mid-flood the eddies
become disorganized and have minimum current speeds. The eddy rotation
directions reverse as they reorganize after the midpoint is passed.

Breakwater A, which would provide the widest openings into the upper
harbor, would have peak currents in each passage of only about 11

cm/sec. Breakwater B with its constricted east passage could develop peak
speeds in both passages of about 11 to 13 cm/sec. Breakwater C, which
would restrict flow into the inner harbor, would cause speeds in the
eastern passage of 11 to 13 cm sec, but in the western passage between the
two breakwaters, themselves would peak at 20 to 25 cm/sec.

Plan D -~ Hurricane Barrier

A hurricane barrier at the head of Bristol Harbor was investigated as a
regsult of Inquiries from local officlals, as to the feaslbility of con-
structing such a structure to protect the entire recreational and com-
mercial fleets and shoreline within the harbor from storm induced waves
and periodic hurricane damage to the commercial and Iindustrial area along
the easterly shore. C
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The hurricane barrier would involve construction of a rock structure
similar to the above breakwaters. It would extend from shore to shore, a
distance of about 4,400 feet, with a top elevation of 22 feet above mean
low water and sldes slopes of 1.5 to 1.0. The hurricane barrier would
have a 100-foot gated opening for normal navigation purposes and would be
closed during hurricanes. Sluice gates on either side of the navigation
opening would reduce tidal currents during normal periods. An earth dike
would be required at M{1l Gut to prevent "back~door” flooding across the
neck at the west side of the harbor,.

Plan E - Floating Breakwaters

A conecrete floating breakwater was examined as a possible alternative to a
permanent rock breakwater for Bristol Harbor. A breakwater of this sort
could could consist of fleating concrete blocks filled with styrofoam.
Each block is approxmately 15 feet long by 5 feet deep by 3 feet wide.
These blocks, connected with bolts and rods into a lattice type configura-
tion, are assembled into 60-foot modules. The whole structure is then
anchored with heavy chains and 25 ton anchors on each side. A floating
breakwater of this sort would be used to protect the whole harbor or just
specific areas. Malntenance costs of this type of structure are very
high, and its replacement would be required every 10 years. Another
limitation 1s that a floating breakwater will only dissipate waves of 2-3
feet, while the design wave of 4 feet was determined for Bristol Harbor.
The cost for floating breakwaters would be solely the responsibility of
local interests.

Environmentally a floating breakwater, i.e., tire or cement, would cause
considerably less disturbance and alteration to the bottom habitat and
could eliminate the need for dredging which is an inherent problem for
disposal of dredged materials. The floating blocks as well as the anchor
welght and cables would provide surfaces for the survival and growth of
epibenthic fouling organisms, 1.e., barncles hydriod mussels, ectoprocts,
algae. This type of growth, however, while acceptable and even beneficial
on the permanent rock breakwater, would serve to increase maintenance
frequency and costs of the floating structures. The growth of these plant
and animal communities would alsoc influence the buoyancy which would
greatly reduce the structure”s capacity to disrupt wave energy.

Nonstructural & Management Operatilouns

g« Flood Insurance.

In addition to the construction of a breakwater structure, nonstructural
alternatives were considered as possible solutlon to local interest needs
and concerns.

The National Flood Insurance Program Is a nonstructural measure estab-

lished in 1968, and serves a dual purpose. First, it provides people
whose homes or businesses presently are located in flood prone areas with
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subsidized insurance coverage. Second, 1t requires that communities
wishing to participate fn the program manage. their flood plains in ways
{i.e. zoning) that eliminate or reduce future flood damage. Given that
Bristol is in the Natlonal Floed Insurance Program, any new conatruction
would be subject to criteria designed to minimize the flood hazard.

The Federal Emergency Management Agency has recently announced that the
National Flood Insurance Program will be revising its reports to include
wave helght rather than just the stillwater (tidal) elevations of a 100-
yvear storms (CZ “80 conference, John Macy, Dir. FEMA).

Through local Initiative, combined with use of the flood iInsurance program
of the constructive total loss concept, development patterns can be
shifted away from high-risk areas. If, after a disaster, local authority
move to prevent rebullding and dedicate an area to nonhazardous use, the
flood insurance program will pay the limit of its poliecy to the property
owner.

Another policy fnvcolves deletion of insurance rates for structures in
high-hazard coastal areasgs such rates are set only after individual
inspection of the sites.

Environmentally, this alternative would.prevent the local impacts to the
water quality and ecology of the harbor.

Other nonstructural harbor management measures considered included
strengthening of moorings and mooring lines, and removal of boats from
water or evacuation of boats to a safe harbor. These measures would help
reduce damages to the hoats, but would have no effect on the rough seas
and winds and would not enhance the commerctal or recreational potential
of the harbor.

Shoreline management methods considered included reinforcement or remowval
of existing docks by private Interests. This action would reduce damages
that might normally be ifncurred, but would not guarantee protection
against more severe future storms that may enter the harbor. There would
be no Corps of Engineers participation in thege alternatives, and the
costs would be the responsibility of local interests.

Breakwater Foundation Options

Three alternate foundation optlions were considered for the Phase I General
Design Memorandum (GDM). Sediment probes indicate the average depth of
soft overlylng layer to be 2 to 8 feet and the displacement, removal, or
blanket type of construction is feasible. The displacement method is the
simple placement of stone and rock material which when dumped penetrates
through the soft muds to a point of refusal with lateral displacement of
the finer sediments resulting. The removal method will include dredging
of soft materials and replacement with sandfill.
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Blanket construction consists of placement of a 6-foot thick dumped
- 8andfill material on the existing bottom, followed six months later by
construction of the remainder of the breakwater. This alternative is
dependent on the shear strength of the bottom muds and would require
further sampling and testing during Phase 2 of the study if this
alternative is to be seriously conasidered.

Approximately 24,000 to 42,000 cubic yards of bottom material will have to
be dredged and disposed of (depending on the ultimate dimensions of the
bottom width of the breakwater, either 120 feet or 170 feet). The
alternative of laying down a sand blanket will serve to consolidate the
soft foundation muds and provide a firmer surface area on which to support
the breakwater. It is anticipated that the sand blanket option would also
eliminate the need for dredging and its inherent disposal problems.
However, either dredging or laying.a sand blanket would remove or smother
benthic blological communities. Approximately 6.6 acres of gubtidal
habitat would be altered. Thiz does not mean however that the Impacts are
entirely negative. In fact the riprap or dumped rock surfaces are as
bilologically desirable as mud bottom or may be even more so since they
provide more habitat for epifaunal invertebrate species. The pro- ‘
liferation of attached organisms and algae and the grazers (i1.e. fish,
crabs, lobsters, starfish) which they attach 1s expected to offset the
reduction in shellfish bottom and infaunal populations.

Disposal Options

Each of the possible disposal optlons would have some environmental
impact, whether in the ocean, on land, in diked disposal areas near the
waterfront or marsh creation. It is difficult to compare ilmpacts under
widely varying conditions againat each other. The major concerns are
potentlal for impacts on identified commercial marine resources and
potential for addition to general low-level deterioration of the overall
ocean resources. At present, there 18 no State approved open-water
disposal site in Rhode Island waters.- Discussions of disposal alterna-
tives and identification of potential disposal sites in Mount Hope and
Narragansett Bays are given in Seavey and Pratt (1979) and the Draft
Environmental Tmpact Statement for the Fall River Harbor Improvement
Dredging Project (Feb. 1976).

Ocean Disposal

a., Brenton Reef - Newport Historic Dump Grounds — The advantage of
this site ig 1its previous higtory of use and the fact that there is more
scientific information regarding this site than any other in the area.
However, there is the concomitant disadvantage of historic opposition by
commercial fishing Interests and congervatlon groups to dumping at this
site. The site 1s located approximately 20-22 nauticzl miles from Bristol
Harbor. Travel time, therefore, and related costs would be significant.
The results of the bulk chemical analysis of the bottom sediments to be
dredged indicate that the material 1s acceptable for disposal in the ocean.
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environment. The Rhode Island Coastal Resources Management Council has
recently informed the Corps that it is "preparing a special area plan for
the Brenton Reef disposal site and it is being viewed as the State”s open
water disposal ground.” Through the Marine Protection Reaearch and
Sanctuaries Act, Public Lew 92-532, the U.S. Envirommental Protection
Agency 1s designated regulatory authority for ocean disposal of all
substances. However, the Corps of Engineers has jurisdiction regarding
issuance of permits for ocean disposal of dredged material subject to
final approval by EPA. The EPA 1g also empowered to designate the
appropriate ocean site for disposal purposes irrespective of the chemical
and physical characteristic of the dredged material. The Corps may,
however, request that EPA pass Jjudgement on Corps-recommended site(s).
Neither agency has recommended utilization of this site in conjunction
with the proposed plan.

b. Prudence Island — Prior to 1967, maintenance dredge disposal
operations from Mt. Hope Bay and the East Passage were dumped "in-channel”
at this site. Water depths range from 76ft. to 110 ft. Sediment grab
samples analyzed by U.R.I Scientists in 1978 from the deep hole showed the
bottom to be composed of soft silty muds. This sediment type would
suggest that the gsite does possess containment properties and that spoils
deposited in the past are being buried by present day sedimentation
process. However, no specific studies have been performed which would
confirm the site”s geophysical characteristics. There 1s also some
commercial trawling activity of a limited extent in the area. The Rhode
Island Coastal Resources Management Council views this site as being less
preferable than the Brenton Reef disposal site.

ce = Conimicut Point — This 18 another "in-channel" deep hole or
depression area which was utilized for disposal of mailntenance dredged
materlial excavated during 1975. U.R.I., under contract to the Corps
monitored the dredging and disposal operations (Pratt and Bisagini
1976). They reported turbidity to be minimal around the immediate dredge
work area. Dumped suspended sediment was transported with prevalling
currents but remained in the channel and below the thermocline. Past
disposal In 1978 revealed cohesive silt with shell, pebbles and sand,
indicating some erosion of the finer materlals had occured. Based on
these findings it is concluded that this site 1s more dispersal than
containment in nature and unsuitable as a repository for fine-grained
incohesive sediments.

d. Spar Island - Situated off the east side of Bristol Neck near the
center of Mount Hope Bay, this islet 1s located about 5-1/2 nautical miles
from the proposed construction site. The town of Bristol Rhode Island
states that their claim to this island atems from the 1680 charter under
which it was incorporated. This site 13 advantageous from the point-of-
view that it is relatively isloated in the middle of the bay and was
previously used and in part constructed from dredged materials. Diking
would be required and costs would be significant. However, the gite has
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the potential long~term benefit, if diked, to accept dredged material from
various navigation projects within the region, as well as providing
useable land once the confinement facility is filled to capacity.

e. Common Fence Point and Almy Point — These two areas near the
northern end of the Sakonnet River in the town of Portsmouth were
identified by U.R.1. as being capable of accepting more dredged material.
Diking would be required, and as with Spar Island, the major ecological
impacts would be eliminated or alteration of subtidal bottom habitat.

f. Spectacle Cove — Sand and gravel mining have taken place in the
large protected cove indenting the northeastern shore of the town of
Portsmouth, resulting in some 80-feet deep holes which can conceivably be
filled with dredged materials. Since the site 1s protected from wave
action and currents, marsh establishment or enhancement would be
feasible. Environmental effects, with the exception of possible
turbidity, would be minimial.

Upland Disposal

The Bristol Towm Council has voted to approve of disposing of the dredged
materials in the town landfill. This disposal option would be exercised
in the event that use of Brenton Reef or an alternative ocean disposal
gsite is not resolved. Several options have been considered using
hydraulic or bucket dredging equipment, material rehandling in shallow
waters or diked area, and trucking the material two miles through downtown
Bristol to the town landfill area. The least expensive system (use of
bucket dredge, barge, dragline and trucking) would be less environmentally
and economically suitable than ocean disposal.

No Action

If Bristol Harbor 1s to obtaln protection for its navigation-related
mooring, anchorage and shoreline facilities, then some form of structure
will be required to counteract southerly winds. Accordingly, "the
improvement” option i3 consistent with the new opportunties for growth and
economic vitality at Bristol Harbor. It does not conflict with local and
State development plans for the harbor.

III. Environmental Congequences
Probable Impacts from the Proposed Breakwater

Water Quality

A quantitative hydrographic model was used to obtain information as to
current circulation changes and effects on flushing that could be
anticipated with construction of a new breakwater.
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The model was refined for the Bristol Harbor area from a vertically
averaged model developed by Swanson and Spaulding (1975) for Narrangansett
Bay. Predicted values were compared to available historical information
and tidal currents in the area to validate the predicted flow patterns.

To malntian good water quality, one must maintain an adequate exchange of
Bristol Harbor water with East Passage water. The basic operating force
in movement of water 1s currents. There are two types of currents: tidal
and wind generated.

The observed current field in Bristol Harbor is determined by the wind and
a northward regional flow outside the harbor.

Flushing is important when considering the effect of pollution on benthic
organisms in the upper harbor. Plaris A and B have dispersion patterns
similar to those without a breakwater. Therefore, the impact of either
Plan A or B 1s expected to be minimal with respect to the biota since the
flushing 18 adequate. On the other hand, Plan C appears to allow a higher
concentration water mass to remain in the upper harbor during a portion of
the tidal cycle. This entrapment indicates a less efficient flushing of
the upper harbor, and biota is exposed to a more polluted water mass. On
the basis of flushing, either Plan A or B would maintain the present water
quality within the upper harbor.

Three gources of pollution have been identified. Dispersion within the
harbor has been mapped by simulating the mixing of dye released form the
source points. Eighty-three percent of the input is assumed to originate
from the Walker Cove outfall from the town”s primary sewage treatment
plant, sixteen percent form the Iindustrial area adjacent to the town pier
and one percent from the Bristol Yacht Club area. Concentrations within
the upper harbor without a breakwater are maximum at high-slack and '
minimum at low-slack water. Digpersion patterns for breakwater Plans A
and B most resemble the ambient pattern since those plans are less
restrictive with respect to flow. The concentrations mapped for Plan C
indicate a tendency for higher concentration bulldup during certain tidal
phases. This means that the flushing for Plan C is not as efficlent as
the other two. This buildup may also have adverse effects on the biota,
especlally shellfish populations and other benthic speciles.

Plan A was dropped from further consideration as a viable plan due to
inadequate protection of the commerical and industrial shoreline from wind
waves.

Plan C represents a trade-off of increased harbor protection with reduced
flushing, which may have an effect on both blota and water quality. The
short, western breakwater proposed as part of this alternative plan could
restrict flushing relative to present conditions and provide more protec-
tion than may actually be needed.
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Plan B appears to best fit the eriteria of good flushing and adequate
protection. Findings support this configuration as first choice for
construction.

In the context of this study area, there does not appear to be any
particular orientation of the breakwaters which would enhance flushing.
However, both Plans B and C should be detached from shore to eliminate
entrapment of debris, reduce channel velocities and maintain tidal
circulation. ' : :

Wave =--~ Breakwater Interaction

The most visable effects of wind blowing over water is the generation of
wind waves.

The wind waves of interest in coastal areas are called shallow-water or
short waves. Characteristically, they have a depth-to-wave length ratio
{(d/L) of less than one-half. Shallow water waves, exhibit three important
properties: reflection, diffraction and refraction (Bascom, 1964)., 1In
reflection, a portion of the wave energy is redirected in the interaction
with a solild barrier. 1In diffraction, wave energy dissipates into the
geometric shadow of the wave train as it passes a solid barrier. 1In
refraction, bottom friction and depth changes cause the wave direction to
change with a roughly perpendicular orientation on the bottom contours.

As the waves enter shallower water, the waves velocity decreases, the wave
length shortens and the wave steepness Increases. Finally at a depth
equal to about 1.3 times the wave length, the wave becomes too steep to
remain stable and breaks.

Maximum fetch for Bristol Harbor appears to be ahout 3 nautical miles (5.6
km) from the southwest.

Standard procedures to determine water wave properties have been estab~
lished by the U.S., Army Coastal Engineering Research Center (1973). Com—
paring Plan A to the diffraction diagrams indicates that town pler would
not be adequately protected from waves coming along the axis of maximum
fetch. However, the dog~leg breakwater of Plan B would ensure wave-height
reduction in the town pier area of over 80Z%Z. No significant Interaction
of diffraction waves would take place hetween the two breakwaters of Plan
C. PBach breakwater design would result In significant reflection of waves
away from the harbor, with no problem of waves being reflected into the
harbor. Using the rule of thumb that wave directions become orthogonal to
the bottom contours. It appears that waves entering the harbor along the
axis of maximum fetch may be directed through the eastern pass around
Breakwater A into the town pler region. The dog-leg breakwater of Plan B
would effectively stop those waves.
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Erosion

The shoreline of the harbor is generally rocky, consisting of large areas
of ledge outcrop. Because there is little movement of littoral materials,
it 1s considered that the construction of a breakwater would have
negligible effect on the configuration of the adjacent shoreline.

Effects on Currents and Circulation

The application of the model to Bristol Harbor as it presently exists
{i.e., no breakwater) shows a very simple two-dimensinal circulation
pattern. During the ebb, currents flow counterclockwise around Hog Island
in the lower harbor and seaward {south) in the upper harbor. On the
flood, these currents reverse. The breakwaters each have the same general
effect on upper harbor circulation while not affecting currents in the
lower harbor. Eddies are formed north and south of each breakwater, their
maximum speeds occur an hour before and after slack water with a relative
minimum during slack water. During mid-ebdb and mid-flood these eddies
disorganized but shortly afterwards they reorganize in the reverse
direction. Tidal heights are not signficantly altered by the breakwater
construction with an overall range differnce of several centimeters.

Without any breakwater, analyses indicate that the upper harbor tends to
be dominated by wind-driven circulation rather than tidal circulation.
Northwest winds which predominate in winter increase flushing. Southwest
winds characteristic of summer retard flushing, but, as they are generally
weak, they are not a serfous navigation problem. The restrictive nature
of a breakwater causes increased current speeds within and around the
upper harbor. Although upper harbor circulation with the breakwaters
would still be influenced by wind efects, the Increased current speeds
would help to insure harbor flushing.

Wind waves are expected to be fetch-limited and substantial generation is
expected only from a southwest wind. The dog-leg breakwater of Plan B
seems adequate to protect the town pler area from the waves generated
along the area of maximum fetch, whereas the single, straight breakwater
of Plan A appears inadeqate. Winds from other directions do not have as
large a fetch, and wave production should be significantly reduced. In
this respect, unless there 1s a major problem with wave damage from south
winds at the Bristol Yacht Club, the short western breakwater of Plan C 1s
not necessary. '

Dredging and Disposal Effects

Sediment Analysis

Direct effects on the physical, chemical, and biological environment,
resulting from dredging activity and breakwater construction, depends on
the type of dredging method utilized, the quality of the sediments, and
the magnitude of the impacts proportioned to the quantity of dredging. 1In
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order to determine the suitablity of the material to be dredged for fill
or open water dlsposal, bulk chemlcal and elutriate tests have been
conpleted. The results of these tests are given in Tables 1 and 2.

The NED Army Corps obtained three (3) sediment surface grab samples in
1980 along the proposed breakwater alignment. The sediments were visually
clagsified as dark gray sandy silty clay with a hydrogen sulfide odor.

The percent fine material characterizing these sedimentas was 84% and 90%
for the two westernmmost located stations and decreased to 51% at the
station sampled nearest shore. These data agree with the probings made to
assist the structural and design evaluation. The carhbon content of the
bottom sediments exhiblt a linear increase east to west with decreasing
sediment size. The total carbon concentration of 6.77% is extremely high
and may be a limiting factor in the development of diverse benthic
communities in this area and is probably due to the organic loading from
local sewage and industrial effluent discharge. No abnormally high
concentrations of heavy metal, hydrocarbons or organics are seen in
comparison with other Rhode Island harbors of similar size located within
the bay. It 1s felt that further chemical testing of the sediments is not
warranted, and the material i1s sultable for open water disposal.

A pertinent legislative document is the Fedeal Water Pollution Control Act
and its amendments of 1972 (now called Clean Water Act). This legislation
is responsible for the Corps 404 program. Dredged material dumped in ‘
waters lying within the State”s jurisdiction a 3-mile limit of the
territorial sea come under 404 regulations. Water lylng landward within
the "bageline" (defined, as mean low water) of the territoral sea and
subject to only 404 would generally apply to such water bodles or bays,
estuaries, coves, inletsg, etc. Narragansett Bay and these open—water
disposal sites cousidered on pages 49-50 of this assessment, for example,
would come under 404 regulations only. For most areas beyond the baseline
of the territorial sea (i.e., Brenton Reef and other sites in Rhode Island
Sound) out to the 3-mile limit, both 404 (Clean Water Act) and ocean
dumping (MPRSA) criteria would apply. MPRSA criteria apply to projects
with proposed dumping beyond the baseline. It should be recognized that
for 404, the Corps in conjunction with EPA developes criteria, while for
ocean disposal the Corps In consultation with EPA developes criteria.
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Table 1
Bristol Harbor
Bottom Sediment Test Results

: ‘Sample: Number
Parameter GE=~1. GE=2 GE~3

Vis. Classif. Dk. Grey Sandy Clayey Fine Sandy
Sandy Silty Clay Sile Silty Clay
% Fine 51 84. 90
% Vol. Solids = EPA 5.72. 7.99: 11,12
CoD 66,300 87,100 175,000
TEN 2,470 4,030 5,130
01l & Grease 1,000 1,200. 1,430
Hg. ' 1.1 1.3 0.3
Pb .51 _ 51 26
In 190 154 104
As: 13 14 36
Barium <25 <25 €25
Cd 2 ‘ 2 1
Cr 64 101 50
Selenium 4.7 5.9 3.2
Ni 19 : 38 25
Si 133 <100 100
Beryllium 50 <25 25
v : <40 40 40
ZTotal Carbon 1.82 4,01 6.77
Organo~Chlorine.

Pesticides (PPS) <0.05 <0.05 <0.05
DDT (ppb) - - <1
PCB (ppb) - - ' 120
Radioactivity (Mr/Hr) 7 8 7

Biological and Physical Effects of Dredging

The major effect of dredging 1s the removal of habitat and organlsms from
the harbor bottom. However, in an effort to mitigate shellfish losses it
may be possible to coordinate a State or local quahog transplant operation
from the impact area to a shellfish management area prior to construction.
Concomitant with this is the spreading of a turbidity plume and the
presentation of a large surface area of sediment to the water columm.

This large surface area allows chemical exchange to take place between the
sediment and the water column. Stern and Stickle (1978) point out that
turbidity "may reduce photosynthetic activity by interference with light
penetration.”™ Laboratory studies on the effects of turbidity indicate
that increasing concentrations of suspended sediments produce abnormal
development of bivalve eggs and larvae. Adult biavalves seem to cope well
with increased turbidity, and adult fish are more sensitive to turbidity
than most invertebrates. Stern and Stickle (1978) conclude, however, "The
literature indicates that turbidity and suspended soils conditions
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typically created by most dredging operations are short duration and
unlikely to produce severe and irreversible ecological effects.”

The primary physical effect of dredging in the harbor will be an increase
in suspended solid concentrations due to bucket loss during each movement
of the dredging bucket. According to Bohlen (1978), these losses range
from 1.5 to 4.0 percent of each bucket load. A hydraulic dredge would
produce less turbidity. .

Work in the Thames River, Connecticut, has shown that dredge-induced
resuspension of sediments is "primarily a near field phenomenon and
represents a relativley small scale disturbance of the suspended material
field within the estuary” (Bohlen, 1978). Any increase in total suspended
sediment concentration will be noticeable over a relatively small area.

The dredging will modify the bottom over an area whose dimensions and
location vary with the alternatives discussed. Plan C and the alternative
of a hurricane barrier would impact the largest bottom area.

Disposal Effects

Immediate effects of dredged material disposal in the marine environment
are two fold. Both are short term effects. The first 1s the effect of
the exposure of sediment surface to the water column while the sediment
drops though the water column and the second 1s the smothering of the
existing bottom community.

Immediately following a disposal operation, dissolved oxygen and pH levels
are expected to be depressed within the turbidity plume itself. Also,
within the plume, the concentration of suspended solids, volatile solids,
and organic carbon are expected to increase as a direct result of sediment
disposal.

The benthos beneath the disposal point are smothered by the rapid influx
of new material. The results of the smothering are dependent upon the
resiliency of the community and the ability of independent organisms to
burrow their way to the surface. The addition of sediment of a type
different than the existing sediment may result in a permanently altered
final community. Rhoads (1978) has indicated that "managed" disposal
could enhance the productivity of a disposal site.

IV. Affected Environment

Bristol Harbor is located between Poppasquash and Bristol Necks on the
upper protion of Narragagsett Bay. This harbor with the gurface area of
10.8 square miles {28 km“) has no appreclable source of fresh water
inflow. However, two small bodies of water, Mill Pond and Silver Creek,
are located at the northern end of the harbor.
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The town of Bristol, located 13 miles (20.9 km) southeast of Providence,
dominates the eastern shore of the harbor. This small but growing com-
-munity had a population density of 1751 per squarg mile (676/km“) as of
1970 within an area of 10.2 square miles (26.4 km“). This community with
its rich and colorful history dates hack to 1681, and has always had a
maritime tradition which included ship-bullding after the Civil War and
recreational boat bullding after World War II. Like many other coastal
New England towns, Bristol”s economy changed from an agriculture basis to
manufacturing during the course of the Industrial Revolution and remains
so today.

The Narragansett Bay area 1s presently extensively developed and with
normal growth over the next 50 years most of the land will be completely
‘utilized for residential, commercial, and industrial purposes. The Bay
area has been and ig becoming increasingly the most popular area for
recreational boating. It is one of the more prolific shellfish producing
~areas and supports a fishing fleet of subatantial size. The popularity of
the area 1s attested by the fact that of the more than 20,000 recreational
craft registered in Rhode Island in 1964 nearly all (95%) are located in
Narragansett Bay. The growth of recreational boating in the area ia the
past decade has been of such magnitude that availabiliity of adequate
mooring and berthing space has not kept pace with this growth,

Bristol Harbor within the complex of Narragansett Bay 1sa a natural harbor
with depths well in excess of those required for the recreatiomal and
fishing craft that use Narragansett Bay. It is near in the geographlc
center of the bay, and the natural protectlion afforded by the harbor makes
it attractive to small craft. Its primary disadvantage, which local
interests desire to mitigate, is its exposure to wind and wave action from
the southerly quadrants.

Hydrography

The National Ocean Survey (NOS) has produced tables for tidal currents
(NOS, 1980a) and tidal heights (1980b) in or near the study area.

Currents at the Mount Hope Bridge which connect Bristol Point to Aquidneck
Island average 1.1 knots (0.6 m/8) at 47° true at maximum flood and 1.4
knots (0.7 m/s) at 230° true at maximum ebb. The minimum before both
flood and ebb fs zero indicatng the currents here are bi-directional. The
range of the mean and spring tides at Bristol Point, where the Mount Hope
Bridge connects the Bristol Neck, is 4.0 feet (1.2 m) and 5.0 ft (1.5 m),
respectively. At the town of Bristol, the mean and spring tide ranges are
4.1 feet (1.2 m) and 5.1 feet (1.6 m), respectively.

Ecosystem Classification

According to Odem et al”s (174) classification of coastal ecological
systems Bristol Harbor represents a "neutral embayment™ environment (7).
A neutral embayment is a partilally enclosed coastal area which receives
negligible river drainage and is characterized by low turbidity and
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sedimentation rates, relatively constant salinity and seasonal variation
in blota. Circulation patterns in a neutral embayment are primarily
controlled by the interaction of the amount of wind stress on the surface
waters, tidal changes, temperature structure and configuration of the
harbor.

Water Quality & Circulation

The harbor counnects with Narrangansett Bay by two passages, one on each
side of Hog Island. Tides in the Bay as well as the harbor, are dominated
by the lunar, semi—-diurnal tidal component. The harbor is a small
embayment which behaves within the context of the larger, overall behavior
of Narrangansett Bay.

The town of Bristol generates harbor pollutants from three main sources.
About 2.5 million gallons per day (110 liters/second) of treated effluent
are discharged into the lower harbor west of Walker Island from the local
primary sewage treatment plant. (Construction of secondary treatment
facilities 1is underway.) Manufacturing and docking facilities occupy an
800-yard (732 meter) stretch of shore along the upper harbor and
constitute a second source of pollution. TLacking any specific data from
this area, the figures are generally considered to be of the order one-
tenth that of the sewage treatment effluent. A third source of pollution
in the harbor is the Bristol Yacht Club and 1s estimated to be one-
hundredth that of the sewage plant.

Shellfish Resources

Bristol Harbor supports a commercially productive Mercenaria quahog shell
fishery (EPA and RI State Shellfish Atlas, 1974). However, a pollution
clogure line runs directly down the center of the harbor and the actual
harvestable sea bottom area is confined te the westward side of the
project. Bay scallop beds are also known to exist off Usher point at the
extreme end of the harbor.

A reconnaissance quahog survey was conducted 21 March 1979 (Ganz, 1979) of
the proposed project site. A series of 5-minutes dredge tows were made at
nine locations within the general proposed construction area. Quahog
abundance within the breakwater site were insignificant ranging from 6 to
14 in number. Other stations immediatley south and west of the site
contained greater abundance of chowder size clams ranging from one to four
‘bushels. These densities were expected as the area is close to harvest
due to pollution. These populations, however, provide a valuable seed
stock to the upper bay reaches. The construction of the breakwater would
eliminate approximately 4-6 acres of bottom shellfish habitat. This
impact will be offset by the breakwater structure ltself which will
provide hard surfaces for the attachment of various epifaunal Inverte-

" brates and habitat for fish, lobster as well as mussel production.

51



Benthlc Biology

Samples were taken 5 May 1981 at six stations along the proposed
breakwater alginment. A standard (23cm x 23cm) PONAR grab was used for
collection., Two replicates were obtalned at each station and all samples
were processed through a 0.5mm sieve. The number of specles were fairly
conslistent between replicates, but the number of individuals varied
between grabs and stations. Species diversity (number of species) ranged
from 21 to 42 species and densities ranged from a low of 261 individuals
at statlion 1 to a high of 2305 individuals at stations 5. The large
numbers of individuals are thought to be .above the normal average of
individuals and represent a relatively high number for a northern
estuary. The occurence of different populations of benthic organisms is
generally related to bottom type. Mud bottoms are dominantly inhabited by
organisms that burrow or inhabit various kinds of tubes (infauna). This
is true also in Bristol Habor where the clay-silt muds characterizing
Station 4 and 5 contained extremely high number of polycaetes Mediomastus
ambiseta and Streblospio benedictil and the tube dwelling amphipod
Ampelisca abdita. Two small, burrowing bivalve species also dominant at
these stations are Mulinia lateralis and Nucula proxima. All of these
specles are conisdered to be R-type strategist or oppuntunistic speciles
whose life histories are characterized by high reproductive rates and
short-1ife apan. These specles have also been identified with rapidly
colonizing disturbed areas and wonld be expected to repopulate quickly
upon completion of dredging or other construction activities., Stations 1
and 2, closest to the eastern shoreline, are characterized by hard packed
sands, gravel, stone and shell. These stations dipslayed a higher speciles
diversity, because of the varliety of substrate types but lawer number of
individuals. These stations were dominated by the polychaetic Polydora
ligni, Streblospio benedictil and Mediomastus ambiseta, the mussels
Crepldula fornicata, C. plana, Anomia sp. and Telina and the barnacle
Balanus venustus. The construction of a breakwater is seen to create an
artificial reef type environment favoring the development of a hard
surface epifauna community which would replace a segment of the soft-
bottom benthic community. The production value of the two community types
as food source for various finfish and large crustaceans is thought to be
gimilar. A species inventory list I1s shown in Table 3.

Historical-Archaelogical Features

The State Historical Preservation Commission (23 June 1980) has reviewed
the preliminary alternatives considered by this report and has determined
that no impact or effect 1s expected on archaeological resources. Two
National Register districts were ldentiffied, and these are the Bristol
Waterfront Historic District and the Poppasquash Farms Historic

District., The first area will be beneficially affected by the proposed
plan in that the design of the breakwater amd ita location (Plan B) will
provide maximum protection to this waterfront and associated marine
related businesses.
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Endangered Specles Tmpact

There are no rare or endangered species in Bristol Harbor - therefore the
proposed breakwater construction will not impact any such specles.

Beneficial Impacts

Recreational benefits for ilmprovement of Bristol Harbor have been
estimated for the existing fleet of 250 locally based craft ranging from
outboards to cruisers and auxiliary sallboats. A protected harbor will
raesult Iin expansion of the existing fleets. An immedilate Increase of 40
boats is estimated to occur with an additional gradual growth over the
50-year 1ife of the project. The projected harbor areas were divided into
three categories; areas subjected to waves of one foot or less, cne foot
to 1.5 feet, and 1.5 feet to 2.0 feet under storm conditions. It was
consldered that 10 boats an acre could mootr safely when subjected to waves
up to one foot in height, 8 boats an acre could moor safely when subjected
to waves between 1 foot and 1.5 feet, and 5 boats an acre could be moored
safely when subjected to waves between 2-foot and 3~foot in height.

V. Public and Agency Involvement in the Planning Project

The proposed project plan has been coordinated with the major State and
Federal regulatory agenclies represented by the U.S. Environmental Protec-
tion Agency, U.S. Fish and Wildlife Service, National Marine Fisheries
Service and Rhode Island Department of Environmental Management and
Coastal Zone Resource Councll.

These agencles as well as local officlals from the town of Bristol were
notified of the plan formulation and implementation schedule and plans. A
public meeting was held on 21 August 1980. Local interests have provided
verbal and written agsurances to have the Corps continue with the study.
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ENVIRONMENTAL PROTECTION STATUTES
RELATIONSHIP OF PROPOSED BRISTOL HARBOR, RHODE ISLAND PROJECT
TO ENVIRONMENTAL REQUIREMENTS

Federal Policies
Archaeological and Historical
Preservatlion Act

CZM Act of 1972

Endangered Speciles Act of 1973

Estuary Protection Act

Clean Water Act

Fish and Wildlife Coordination Act

Marine Protectlion, Research and
Sanctuary Act

NEPA

Rivers and Harbors Act of 1899

Protection of Wetlands E.0. 11990

Land and Water Conservation Fund Act

flood Plain Management E.0. 11988

Wild and Scenic Rivers Act
Clean Air Act

Federal Water Project Recreation Act
Water Resource Planning Act of 1966

State and Local Policies
Rhode Island CZM Program

Required Federal Entitlements
Non Required
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Plan B

Breakwater Construction

Town of Bristol waterfront

and harbor on National Register:

breakwater design

and materials must
be compatible with

Partial Compliance; requirement
will be met upon
completion of
reylew of EA and
finalization of
plans

Partial Compliance; requirement
will be met when
EA is reviewed.

"
"

Not Applicable

Partial Compliance; requirement
will be met upon
review of EA

Not Applicable

Partial Compliance; will be
satisfied pending
review of EA

"

Partial Compliénce; requirement
will be met when
EA 18 reviewed.



List of Preparers
Bristol Harbor Navigation Improvement Study

Responsible Agency and Technical Consultants

The Impact Analysis Branch of the New England Division Army Corps of

Engineers was responsible for preparing this Environmental Assessment.

- Technical assistance was provided under a contract to Normandeau
Associates, Inc., of Bedford, New Hampshire which is a multi-disciplined

firm of environmental specialists.

NED Staff

Project Manager -~ Mr. Steven Onysko, Coastal Development Branch, Civil
Engineer had the overall responsibility for the preparation of the Plan
Formulation Report and various breakwater designs and configurations
consldered.

Environmental Analysis — Mr. Gilbert Chase, Marine Resource Speclalist,
was in charge of the preparation of the EA and 404 Evaluatfon and day-to-
day coordination of all environmental and technical work with the
consultants.

Economic Analysis - Mr. John Barry was responsible for the collection and
analysis of economic data.

Archaeologlist — Mr. Jobm Wilson, Division Archaeologist was responsible
for the coordination and determination of proposed project plans on
archaeological and cultural resources.

Environmental Consultant — Mr. Raymound Susnowskl, Physlcal Oceanographer,
Normandeau Assoclates, Inc., was responsible for the two~dimensional
hydrographic mathamatical predictive model, dispersion simulation and wave
data analysis relevant to the various breakwater plans.
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SECTION 404 EVALUATION
PROPOSED BREAKWATER CONSTRUCTION
BRISTOL HARBOR, RHODE ISLAND

1. References.

a. BSectlon 404(b) of Public Law 92-500, Federal Water Pollution
Control Act.

¢» EC 1105~2-90, Appendix C, dated 10 October 1978.

2. Proposed Project.

" The selected plan of improvement, Plan B, consists of:
Provigion for a 1700 foot breakwater detached from the eastern shore

Plan B is recommended on the basls of good flushing and adequate
protection from wind waves generated along a southwest fetch. The trade-—
off for increased protection (larger breakwater) is restricted flushing
which may have an effect on the marine biota and water quality. The
length of this dog~leg structure depends on how much protection should be
afforded to the industrial area around the town pler. If the need for
protection 1s limited to the area between the town pler and the U.S. Coast
Guard Station, then the breakwater could probably be shortened to 1200-
1400 feet. The dog-leg configuration will provide better protection than
an equivalent straight breakwater for this area. An opening of approxi-
mately 400 feet will exist between the breakwater and the eastern shore.
This opening will facilitate flushing and circulation.

The exact method of construction of the breakwater is not yet known but
may invelve one or a combination of the following plans:

a. Displacement/penetration type of construction is feasible for the
inner 600 feet of the breakwater where sediment probes indicate the
average depth of soft foundation material to be two feet. By displacement
it is meant that the rock for the breakwater upon dumping in place will
force the soft muds downward and laterally until bottom resitence is
met. No dredging would be involved with this method along this portion of
the breakwater.

For the outer 1100 feet of the breakwater, the alternatives consist of:

a. Excavation of the soft overlying muds and its replacement with
sand f£111, '

b. Placement of a 6—foot thick dumped sandfill blanket on the
existing bottom (no dredging) followed six months later by comstruction.
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Depending on the ultimate breakwater design selected, from 25,000 cublec
yards to 42,000 cubic yards of bottom sediments may require excavation.
Disposal of the material has been coordinated with town officials and the
Rhode Island Coastal Resources Management Council. The Bristol Town
Council has voted to approve of disposing the dredged materials in the
town landfill (letters, 8, 11, & 17 June). The Coastal Resources Manage—
ment Council has also recently (letter 15 June) informed the New England
Division that efforts are underway to prepare a speclal area plan for the
Brenton Reef dredged material disposal site. This site is envisioned as
the State”s open water regional disposal area.

3. Project Authorization. )

The Bristol Harbor, Rhode Island navigation improvement project was
authorized by Public Law 90-483, 90th Congress S 3710 August 13, 1968,
Section 101 of the 1968 River and Harbor Act. Funds to initlate the Phase
I, GDM Study were received in October 1978. ‘The authorized project
information 1s contained in H.D. 174/90 lst, and no EIS was required for
the project at that time.

4. Environmental Concerns.

Effects of Breakwater on Currents and Circulation

The breakwaters each have the same general effect on upper harbor
circulation while not affecting currents in the lower harbor. FEddies are
formed north and south of each breakwater, their maximum speeds occur an
hour before and after slack water with a relative minimum during slack
water., During mid-ebb and mid-flood these eddies disorganized but soon
after they reorganize in the reverse dirvection. Tidal heights are not
significantly altered by the breakwater construction with an overall range
difference of several centimeters.

The restrictive nature of the breakwater caused increased current
speeds within and around the upper harbor. Although upper harbor
circulation with the breakwaters will still be influenced by wind effects,
the increased current speeds will help to insure harbor flushing.

Sediment Analysis

The sediment consists of organic silt with fines ranging between 50
and 91 percent. No detectable metals and pesticide concentrations were
found in the EP toxicting test extracts. Only arsenic in location GE-3
was found In concentrations exceeding two standard deviations greater than
the mean for other New England harbors located south of Cape Cod.
Compliance of parameter values to bulk sediment chemical results fronm
other harbors and cover in Narragansett Bay show that the range and mean
values of Bristol Harbor, with the exception of arsenic, fall within the
limits obtained for the other projects. The elutrfate test data did not
show any potential release of chemical parameters to the environment based
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in these test results. Thus material dredged from the proposed project
area would appear sultable for open—water dumping.

230.4-1 PHYSICAL AND CHEMICAL BIOLOGICAL INTERACTIVE EFFECTS
(a) PHYSICAL EFFECTS

(1) Filling of Wetlands

The filling of wetlands is considered the most serious possible conse-.
quence of dredged material disposal. No filling of or disturbance to
wetlands is invelved in the proposed Bristol Harbor dredging, disposal
operations or breakwater construction.

{2) Effects on the Water Column

The dredging and disposal activities, 1f undertaken, will cause temporary
effects on the water column in the form of increased turbidity. This
effect 18 expected to be limited in extent and of short duration. Full
descriptions of these effects can be found in Section III Environmental
Consequences. Use of the town landfill site would, of course, eliminate
disposal impacts to the aquatic environment.

(3) Effects on Benthos

Benthic populations will be removed from the harbor in the area to be
dredged, The dumping of a sand fill blanket to serve us a foundation for
the breakwater would also smother living forms. The communities to be
disturbed are very resilient and the area is expected to recover rapid-
ly. The breakwater construction will result in a change in community
structure from burrowing to attached biota. Further discussions of these
effects are found in Sectfon III.

(b) CHEMICAL-BIOLOGICAL INTERACTIVE EFFECTS

(1) Evaluation of Effects

The material to be disposed of 1s substantially clean silt and sand. Bulk
chemical analysis and elutriate test were completed in accordances with
the evaluation procedures in paragraphs 230.4(b)(2) and (3).

{(2) Water Column Effects

Elutriate tests as required in this sectfon showed no significant releases
of potential contaminants.

(3) Effects on Benthos

Disposal options include an upland site which serves as the town landfill
and open-water site off Brenton Reef. Ocean disposal will result in the
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smothering of the bottom benthic community and temporary disruption in the
specles population(s) functional activities. '

230.4-2 WATER QUALITY CONSIDERATIONS

This section requires that the effects of the proposed dredging and
disposal on applicable water quality atandards be assessed. These

. effects, discussed in Section III, are expected to be limited in severity
and of short duration. Comparison of these anticipated effects to the
water quality standards of Rhode Island indicate that no permanent
viclation of standards 1s expected, nor does the action thwart the
intention of existing water quality management plans.

230.5 SELECTION OF DISFOSAL SITE AND CONDITIONING QOF DISCHARGES OF
DREDGED OR FILL MATERIALS

(a) GENERAL CONSIDERATIONS AND OBJECTIVES

Congideration is to be glven to the need for the action, the avallabiiity
of alternative sites, and the effects of water quality standards. The
need for the project i{s described fully in Section I. Alternative sites
and methods of dredging and disposal are discussed in Section IX. These
discussions indicate that the proposed methods are equal or less damaging
to the environment than are the alternatives.

(1) Avoid Disruption of Aquatic Ecosystems

As discussed in Section III, disruptions to aquatic ecosystems are
expected to be limited in extent and recovery of the ecosystems is
expected to be rapid.

{2) Avoid Disruption of Food Chains

No such effects are expected with the Bristol Harbor construction
operations, including dredging and disposal.

(3 Avoid Disruption of Movement Patterns

The design and alignment of the breakwater will not conflict with the
migratory movements of fisgh,

(4) Avoid Discharge in Wetlands

No discharge into wetlands f{s proposed.

(5) Avoid Discharge in Flood Retention Areas

No discharge into flood retention areas 1s proposed.
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(6) Minimize Turbidity Levels

The proposed dredging and disposal plan will minimize turbidity and
suspended materials.

(7). Minimize Degradation of Aesthetics, Recreation and Economic
Environment

The dredging and disposal operations, if undertaken, will be scheduled so
as to minfmize aesthetic and recreation effects by limiting conflict with
recreational boating. The economic effects of the project are positive.

{See Sections I and III). '

(8) Avoid Degradation of Water Quality

Ag discussed in Section III no serious or permanent effects to established
" water quality standards are expected.

{b) CONSIDERATIONS RELATING TC DEGRADATION OF WATER USES AT PROPOSED
DISPOSAL SITE

(1) Municipal Water Supply Intakes

There are no intakes In the vicinity of the proposed construction site.
(2) Shellfish
The construction of the breakwater would eliminate approximately 4-~5 acres
of bottom shellfish habitat. The rock surfaces of the breakwater, how-
ever, will afford sultable habltat for the settlement and growth of
mussels, the maln shellfish beds located on the western side of the harbor
will not be altered.
{3) Figheries {
No adverse effects to fisheries will occur.

(4) wWildlife

Disposal of the dredged materials, if at the landfill site will not result
in the loss of upland habitat nor disturbance to wildlife.

(5) Recreation Activities

Fall or winter scheduling of dredging and disposal limits confliet with
recreational boating activities and spawning of shellfigh.
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(6) Threatened and Endangered Specles

No threatened or endangered species have been reported at the Bristol
Harbor Site. '

{(7) Benthic Life

Temporary losses to the benthic community during dredging/disposal and
breakwater construction will be rapidly made up through recolonization.

(8) Wetlands

No disposal in wetlands is proposed.

(9) Submerged Vegetation

Disposal at the sites belng considered will not adversely affect aquatic
vegetation.

5. Determinations and Findingg

a. An ecological evaluation as required by Section 404(b)(1) of the
Clean Water Act has been: made following the evaluation guidance In 40 CFR
230.4, in conjunction with the evaluation considerations in 40 CFR
230.5. Appropriate measures have been identified and incorporated in the
proposed plan to minimize adverse effects on the aquatic environment as-a
regult of the discharge. Consideration has been given to the need of the
proposed activity, the avallability of alternative sites and methods of
disposal that are less damaging to the environment, and such water quality
standards as are appropriate and applicable by law. Impact on a minor
wetland at the site would be unavoidable and approximately 4~5 acres of
subtidal habitat would be eliminated. Reestablishment would occur on the
breakwaters subtidmi areas. Adverse impacts to the total marine ecosysten
would not be signiffcant. Activities associated with the proposed fill
would be water oriented and water dependent. Construction during critical
spawning periods and pesk recreational boating would be avoided to mini-
mize these impacts. A Public Notice with respect to the 404 Evaluation
will be issued accompanying this decrement. Based on:information
pregsented in the 404 Evaluation and Environmental Assessment, I find that
the project will not result in unacceptable impacts to the environment.

C. E. EDGAR, III
Colonel, Corps of Englneers
Commander and Division Engineer
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FINDING OF NO SIGNIFICANT IMPACT

The recommended navigation improvement alternative at Bristol Harbor
conslsts of a 1700-L.F. offshore dog~leg rock breakwater, located just
south of the U. S. Coast Guard Pier, and a 1600~foot wide navigation
opening on the west side of the harbor. Alternative methods of
constructing the project include displacement of bottom materials "by
end~-dumping”; dredging of 25,000 to 40,000 cy of bottom materifal and 1its
replacement with sandfill, ocean or land disposal; or placement of a
6-foot thick sand blanket under the outer section of breakwater.

The proposed project would provide Bristol Harbor with badly needed
protection of Bristol Harbor from southerly storm waves and enhance future
economic development.

The determination to prepare an Environmental Assegsment, as opposed to an
Environmental Impact Statement, was based on the following considerations:

* The Mathematical Hydrodynamic and Digpersion Prediction Model of
the proposed breakwaters in Bristol Harbor indicated dispersion patterns
similar to those without the breakwater.

* An analysis of the bottom material indicates that it would be
suitable for either ocean or land disposal, 1f dredging is required.

* Construction of the rock breakwater would mitigate the removal of
bottom shellfish habitat by providing hard surfaces for the attachment of
varlous epifaunal Invertebrates and hablitat for fin fish, lobsters and
mussel production.

* Environmental and social impacts would be minimal,
Coordination and consultation with appropriate Federal and State agenciles

insured that their concerns and recommendations were ldentified to the
Corps so that they could be addressed during construction planning.

DATE C. E. EDGAR, 1II
Colonel, Corps of Engineers
Division Englneer
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CONCLUSIONS

The alternative plans and all pertiﬁené data concerning navigation and
related improvements in Bristol Harbor have been reviewed and evaluated in
the overall public interest.

It is concluded that there is a need to provide protection to Bristol
Harbor from southerly storm waves originating in Narragansett Bay and an
offshore rock breakwater designated as Plan B would best meet the planning
objectives, the present and future needs of local interests, and enhance
future economic development within Bristol Harbor as well,

RECOMMENDATIONS

It 1s recommended that the rock breakwater authorized by Public Law 90~
483, 90th Congress S 3710 on August 13, 1968, Section 101 of the 1968
River and Harbor Act, in Bristol Rhode Island, be constructed in accord-
ance with the modifications described in this report, and designated as
Plan B. .

The recommendation 1s made subject to the conditions that non-Federal
interests will:

a. Make a cash contribution of 35 percent of the first cost of the
construction of the breakwater, said contribution currently estimated at
$2,040,850, and subject to final adjustment after actual costs have been
determined.

b. Provide, without cost to the United States, all lands, easements,
rights of way necessary for the construction and subsequence maintenance
of the project when and as required, including suitable dredged material
disposal areas with necessary retaining dikes, bulkheads and/or embank-
ments 1f required. Rights of way should include access for a contractor
and his equipment to construct the breakwater from land, i{f he exercises
the option to do so.

¢. Accomplish without cost to the United States, all alterations
and/or relocations in sewer, water supply, drainage and other utility
facilities, as required for the construction of the overall project.

d. Hold and save the United States free from damages that may result
from construction and'subsequent malntenance of the project.
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e. . Provide and maintain berths, floats, plers, and/or similar marina
and mooring facilities as needed for transient and local vessels as well
as necessary access roads, parking areas and other needed public use shore
facilities cpen and available to all on equal terms. Only minimum, basic
facilities and service are required as part of this project. The actual
scope or extent of facilities and services provided over and above the
required minimum is a matter of local decision. The manner of financing
such facllities and services is a non-Federal responsiblity.

f. Establish regulatons prohibitng the discharge of untreated sewage,
garbage, and other pollutants in the waters of the harbor, such regula-
tions shall be in accordance with applicable laws or regulations of
Federal, State and local authorities responsible for pellution prevention
and control.

C. E. EDGAR, III
Colonel, Corps of Engineers
Division Engineer
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APPENDIX A

PROBLEM IDENTIFICATION

SECTION A
ANALYSIS OF EXISTING CONDITIONS AND TRENDS

This Appendix contains information supplementing the first two sections of
the Main Report, Introduction and Problem Identification, and documents
previous studies and reports.

PRIOR STUDIES AND REPORTS

Federal interest in Bristol Harbor navigation improvements dates back to
1925 when local interests requested that the harbor be deepened to 30
feet. Subsequent requests Included removal of the remains of a rock-
filled pler, and the construction of a rock breakwater at the head of the
harbor.

House Document No. 174/90th Congress/lst Session, authorized the
construction of a 1600-foot offshore rock breakwater, but the project was
not funded until October 1978. A Phase I AE&D Plan of Study indicated
that the originally authorized project would still have a positive
benefit/cost ratio and recommended that further detailed studies be
undertaken to develop an optimum plan. A list of the reports and docu-
ments related to navigation improvements in Bristol Harbor and a brief
description of each are shown in Table A-1l.

LOCATION

Geographically, Bristol Harbor is located about 13 miles southeast of
Providence, and about 12 miles north of Newport, Rhode Island, and 45
miles southwest of Boston, Massachusetts. It is on the east side and
about half way up Narragansett Bay. The harbor is 2 miles long in a
north-south direction and varies in width from 1.3 miles at the mouth to
0.4 miles at the head. Natural depths of 10 to 17 feet predominate
throughout the harbor. Hog Ysland is located just outside the harbor and
provides some protection from storm waves from the southerly quadrants.
The existing, but uncompleted, authorized project is shown on Plate A-1.

The geographic study area includes the immediate harbor vicinity, from
about the Coast Guard Pler northward. Anticipated impacts will, however,
be generally discussed in the context of their effects on the economies of
Bristol County and the State of Rhode Island.



‘Published In

‘Unpublished
Dec 1925

“Unpublished
"Dec 1927

Dec 1966 (Revised
‘March 1977)

H. Doc. No. 174
“90th Cong., lst
‘Segsion, 1967.

Dec 1979

. TABLE A-1

SUMMARY OF PRIOR STUDIES AND '‘REPORTS

Nature of ‘Report

Deepen Harbor to 30 ft.

Removal of :remains of

‘rock-=filled plle
.considered ihazard to

navigation.

Review Reports on Bristol
to determine navigation
improvements needed.

Survey...«...--

‘Phase T -AE&D

Plan of Study

Recommendations

Harbor depth considered
adequate for present and
anticipated future use.

Removal not warranted as
marking of obstructions
would be adequate.

‘Recommended construction of
"a 1600 L.F. offshore rock

breakwater.

Authorized construction of
1600 L.F. offshore rock -
breakwater (not ‘funded).

Recommended ‘further study
of offshore breakwater to
comply with ‘BERH ‘request to
develop optimum plan.

EXLSTING CONDITIONS

Geologically, Narragansett Bay represents a.tranggression :by the Atlantic
Ocean over the southern part of an .area of .exposure of metamorphosed

sedimentary rocks known as the Narragansett Basin.

The .area 18 a negative

relief feature, because of differential erosion of carboniferous rocks,
flaking granites, ;gneisses and schists, during the early and late
Wisconsin Glacial periods.

If it were not for the more resistant rock on the promontories within
Narragansett Bay, the ocean would have caused the shoreline to retreat to
a greater extent and the coufiguration would be vastly different than it

1s today.

A prominent submarine gorge, -attailning depths of :over 200 feet at its
southerly -end, runs from the mouth of Mount Hope Bay, along the easterly
shores of Prudence and Jamestown Islands and becomes a shoal at a general

80-foot sea bottom depth, 'just off the Newport headland.

This apparent

scour trench and the adjacent Bristol Harbor have filled with sediments to
varying depths since the last glaciation period of abut 10,000 years ago.

The shoreline of Bristol Harbor shows evidence of glacial deposits and
rock outcrops, as well as :.erosion and accretion from waves originating in

Narragansett Bay.



Bristol has a long history of marine-oriented enterprises. Ships were
built for the rum-molasses—-slave trade and a large whaling fleet was based
in Bristol Harbor before and after the revolution.

Bristol Harbor was one of the major ports in Narragansett Bay for forelign
commerce, particularly the China Trade, from after the revolution to until
about 1840. Petroleum products replaced whaling in the 186078 and ship
owners turned to ccastal freighting and passenger services and the
merchants who had underwritten maritime commerce were shifting thelr
financial backing to industry.

Over the vears, the east ghore of the harbor developed into textile and
recreational boat building enterprises, as well as other types of manufac-
turing. The textiles and recreationzl beat building gave wave to a mix of
commercial, residentfal and some recreational uses of the shoreline as
well as commercial shell fishing. The harbor”s west shoreline is occupied
by several large private estates, The Bristol Yacht Club and the Bristol
Marine Boat Yard.

There are about 250 moorings in Bristol Harbor, which accommodate mostly
recreational boats. Other boating interests include the Prudence Island
Ferry, U.8. Coast Guard ships and boats, and a few small commercial
fighing boats, as well as numercus commercial shellfish boata. Two town-—
owned public landings are located at the dock at Rockwell Park and the
State Street dock. The Church Street dock, which is also the town marina,
1s leased from the State on a long term basis, as 1s the Independence Park
area, which also has a launching ramp.

Dock and slip space 18 filled and the trend is for a number of commercial
shell fighermen to trailer thelr boats to and from their homes. Expansion
in recreational boating has almost stopped, due to the lack of protection
and shore facilities. The trend in recreational boating 1s to change from
power boats to sail and upgrade from sail to larger salling craft.

PROBLEMS, NEEDS AND OPPORTUNITIES

The problems, needs and opportunities within the study area are directly
related to the exposure of the open harbor to storm waves from southerly
quadrants. Existing navigation facilities throughout the harbor are
inadequate to safely and economically accommodate the existing and
prospective commercial and recreational fleets and shoreline structures
without storm wave protection.

PROBLEMS
The problems within Bristol Harbor may be summarized as continual damages

to boats and shoreline structures, due to the lack of protection from
storm waves into the harbor from Narragansett Bay.
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NEEDS L

"The needs of the.community as determined through the identification of .the
~problems are.evrident. A protected harbor 1s: needed to prevent continual
.damages . and provide the opportunity for economic growth in marine-oriented
-enterprises.

OPPORTUNITIES

Tmprovements in Bristol Harbor can be accomplishéd by construction:of a
‘fixed breakwater in the upper limits of the harbor. The breakwater will
provide the opportunity to contribute to the protection of the existing
recreational ‘boating fleet, as well as boats that will utilize the harbor
“in the future; reduce hazards assoclated with unloading commercial
-shellfish boats and maneuvering of the ferry; prevent damages to the U.S.
Coast Guard pier and commeréial/industrial areas along the east shore;

. reduce -wave heights within the upper harbor and reduce boarding hazards of
. the moored boats; and provide the opportunity . to construct marina—-type
‘facilities and replace dock structures that were previously destroyed by
storm waves at the Castle Restaurant and Elks Club,.



SECTION B
PLANNING OBJECTIVES AND CONSTRAINTS
NATIONAL OBJECTIVES
Planning for navigation improvements in Bristol Harbor is based in part on
national objectives of economic development and enhancement of environ-

mental quality. 1In 1973, the Water Resources Council published Principles
and Standards for Planning Water and Related Land Resources which provide

the broad policy framework for planning activities. The Standards provide
for uniformity and consistency in comparing, measuring and judging the
beneficial and adverse effects of alternative water resource improvement
projects. The purpose of the Principles and Standards is to promote the
quality of 1life by planning for the attalnment of the following
objectives:

To enhance national development by increasing the value of the
natlon”s output of goods and services and improving national economie
efficiency.

To enhance the quality of the environment by the management,
conservation, preservation, creation, restoration, or improvement of
the quality of certain natural resources, cultural resources and
ecological systems.

These are termed National Economic Development (NED) and Environmental
Quality (EQ) objectives. The NED and EQ objectives were fully considered
in developing and evaluating the alternative improvement plans.

PLANNING OBJECTIVES

The planning objectives are to provide storm wave protection for Bristol
Harbor, to eliminate the problems of navigation safety and damages to
boats and shoreline structures, and to provide the opportunity for local
interests to contribute to the overall economy by providing additional
facilities and safely utllizing the resources Iin the area.

PLANNING CONSTRAINTS

Planning constraints are those items which can specify limitations that
are used to direct plan formulation and restrict or mimimize adverse
impacts., Such impacts may affect a wide range of different concerns,
including natural conditions within the project site, technological states
of the art, economic limits and legal restrictions. The fdentified
possible constraints are as follows: ‘ !

a. Local interests may not be able to provide their share of the
cost of construction of the proposed breakwater.



b. Lands, easements and rights of way may not be readily available
and Eminent Domain proceedings may be uneconomical and time consuming.

¢. Suitable spoil disposal sites for dredged materials may not be

.avallable at the time of conatruction and may prohibit construction for an
indefinite pertod.
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APPENDIX B

FORMULATION, ASSESSMENT, AND EVALUATION OF DETAILED PLANS

SECTION A
FORMULATION AND EVALUATION CRITERIA

The formulation of a plan of improvement for Bristol Harbor has
followed the procedures of the Water Resources Council Principles and
Standards. Local needs and objectives were identified and project-
specific planning and opportunlity statements were established. These
planning and opportunity statements were considered in the formulation of
detailed plans, as were the national objectives of National Economic
Development (NED) and Environmental Quality (EQ).

Detailed technical, economic and environmental criteria were applied
in the formulation and evaluation of the alternative plans. These
criteria reflect quantitative measures of the plan performance in relation
to the national and local planning objectives and planning constraints.
These criteria, which are described below, are utilized in the System of
Accounts to evaluate the three szlternative detailed plans.

TECHNICAL CRITERIA

The technical eriteria are as follows:

- The selected plan should provide the maximum economical amount of
protection from the frdihn storm wave, from southerly gquadrants.

— The selected plan should provide for adequate gsafe anchorage areas
accommodate the numbers and types of craft expected to use the harbor.

ECONOMIC CRITERIA

The economic criterion is as follows:

=~ Maximize net benefits (project benefits minus project costs).



ENVIRONMENTAL CRITERIA.
The environmental criteria are as followss

- Minimize volume of dredge material in order to reduce: problems
relating to disposal of dredged material.

- Minimize and mitigate removal of bottom shellfish habitat.

SOCIAYL. AND CULTURAL CRITERIA
The soclal and cultural criteria are as follows:

«~ Maximize safety and ease of navigation for all craft utilizing the
harbor.

- Maximize the cultural and aesthetic value to the. harbor and any
structures constructed.

~ Contribute to the economic development of the Bristol Harbor area.
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SECTION B
DEVELOPMENT OF MANAGEMENT MEASURES

Management measures take into consideration the problems, needs and
opportunities of the study area, and take into account one or more of the
objectives set forth in Sections A and B of Appendix A. Management
measures can be generally categorized as either structural or
nonstructural in nature.

Structural management measures include the following:

(1) Fixed breskwater structures of rock, steel, or concrete to
protect selected areas.

{2) Floating breakwaters of rubber tires, concrete, steel or
aluminum to protect selected areas.

{3) Hurricane barrier to protect the entire harbor.

Nonstructural management measures are those that achieve the stated
planning objectives by means of other than physical structures, and/or
modification or replacement of exlsting facllities or structures.
Nonstructural plans considered for Bristol Harbor fall fnto the following
four general categories:

(1) Reduction of Boat Damages. Damages could be reduced by
strengthening the mooring lines and moorings; moving the boats to a more
sheltered harbor in times of approsching bad weather; and removing the
boats from the water prior to the start of the hurricane season in mid-
August.

(2) Reduction of Shoreline Damages. Damages to shoreline property
could be reduced by repairing or modifying existing docks and pilers or
replacing structures with steel bulkheads or rock revetment. Removing
structures altogether would eliminate a source of deteriorating shoreline
damages. Zoning would prohibit building in floodprone areas and prevent
future damages.

(3) Increase of Recreational Boating Potential. Construction of
additional boat launching ramps separately or in conjunction with "dry”
stacking of boats would increase the potential use of the harbor by
recreational boats. A floating breakwater at the launching site would
allow launching of boats during marginal weather and provide a sheltered
area for additional moorings.
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{4) Flood Tnsurance. Reduction of damages to coastal buildings
could be ameliorated by the federally sponsored ¥Flood Insurance Program,
however, the insurance is not applicable to wave damages of shoreline
docks, plers, bulkheads or seawalls.

Although the above measures are categorized as nomstructural, they
would require some kind of structural wmodifications and construction
activity. Non—Federal interests would be responsible for the
implementation of nonstructural methods.

ASSESSMENT AND EVALUATION OF MANAGEMENT MEASURES

Structural measures were determined to be the most practicable methed
of providing protection to Bristol Harbor and were considered for more
detailed studies.

Nonstructural methods were determined to be impractical and were not
conaldered for more detalled study for the following reason:

(1) Most of the harbors in Narragansett Bay, within a reasonable
sailing distance from Bristol Harbor, also have southerly exposures and 1t
would be unwise to move the boats into similar weather conditions.
Removing the boats from the water prior to the hurricane season would
shorten the recreational boating season by at least six weeks and would
depr